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II.  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 

NEW  LEVEL  OF  PROPERTIES _ ===== 


UNMIXED  SYSTEMS  AS  THE  NEW  CLASS  OF  PERSPECTIVE 
MATERIALS  FOR  MODERN  TECHNIQUE 

Bashev  V.F.,  Dotsenko  F.F.,  Ryabtsev  S.I.,  Beletskaya  O.E.,  Kutseva  N.A.,  Balyuk  Z.V. 

Dniepropetrovsk  National  University,  Dnepropetrovsk,  Ukraine 


The  formation  of  metastable  (including  solid 
amorphous)  states  in  immiscible  (unmixed) 
systems  is  of  great  fundamental  and  practical 
interest  as  it  can  open  a  new  class  of  perspective 
materials  specifically  for  microelectronics,  radio 
building  and  TV.  Among  such  alloys  are  the 
systems  W-Ba,  Ni-Ba,  C-Cu,  Fe(Ni,  Co)-Ag  with 
both  components  having  the  bcc  or  the  fee  lattice. 
These  systems  are  characterized  by  anomalously 
high  positive  values  of  heat  of  formation. 
Calculated  within  the  modernized  semi-empirical 
Miedema  model  these  are  170  kJ/mol  (W-Ba 
system),  105  kJ/mol  (Fe-Ag  system),  59  kJ/mol 
(Ni-Ag  system).  Calculations  of  the  energetic 
effects  of  mixing  in  this  model  are  based  on  the 
contact  interactions  at  the  boundary  which 
separates  heterogeneous  metals  taking  account 
also  of  atomic  size  differences.  The  Miedema 
model  excluding  atomic  size  effects  gives  good 
results  for  the  heats  of  dissolutions  of  liquid 
metals.  Therefore  it  was  of  interest  to  establish  the 
correlation  between  the  structure  and  properties  of 
sputtered  alloys.  In  order  to  obtain  the  above 
alloys  over  the  whole  range  of  concentrations  an 
improved  method  of  ion-plasma  sputtering  in  a 
vacuum  is  used.  An  additional  acceleration  of  Ar 
ions  impinging  on  the  target,  and  hence  an  great 
increase  in  the  kinetic  energy  of  sputtered  atoms 
depositing  on  to  the  ceramic  glass  substrates,  was 
achieved  by  using  a  specially  designed  device  in 
the  sputtering  apparatus.  This  produced  a 
considerable  additional  acceleration  of  the 
bombarding  ions  in  the  final  part  of  their 
trajectories  just  before  striking  the  target  surface. 
As  a  result  there  is  a  stream  of  sputtered  atoms 
with  large  dispersion  in  energy  and  in  direction. 
Due  to  sufficient  mixing  in  the  vapour  favorable 
conditions  are  realized  for  the  formation  of  highly 
non-equilibrium  phases  on  substrates. 

In  conditions  of  modem  3-electrod  ion-plasma 
sputtering  (IPS)  was  investigated  film  non¬ 
equilibrium  system  “carbon-copper”.  It  was 
established  that  during  the  same  technological 
conditions  carbon  is  fixed  in  amorphous  and 
alloys  C-Cu  and  copper  -  in  crystalline  state.  Thus 
in  film  C  -  12at.  %Cu  alloys  besides  crystalline 
compounds:  copper  (a=0,3628  nm),  new 


metastable  diamond-like  phase  (a=0,4476  nm)  and 
hexagonal  graphite  (a=0,2428  nm,  c=0,6556  nm) 
is  founded  and  an  amorphous  carbon.  The  energy 
of  connection  between  carbon  atoms  more  than  in 
two  times  bigger  energy  connection  in  graphite. 
According  to  transmission  electron  data  in  C-Cu 
alloys  with  c<59,5%  (at.)  it  is  observed  formation 
of  “really  copper”  of  areas  among  which  the 
diamond-like  structure  is  situated.  The  C  -  22.6% 
Cu  alloy  has  the  higher  electrical  resistance 
among  all  receiving  alloys.  Here  the  highest 
intensity  of  diamond-like  peaks  is  observed. 
During  the  treatment  coalescence  of 
pseudocrystals  of  Cu  passes  with  decreasing  of 
square  of  contact  with  carbon  composite.  This 
leads  to  change  in  carbon  structure:  passage  from 
diamond-like  structure  to  carbon  structure  with 
significant  (~in  100  times)  decreasing  of  electrical 
resistance.  Changing  of  resistance  is  connected 
with  decomposition  of  amorphous  composite  also. 
But  decomposition  of  diamond-like  phase 
influences  more  significant  on  electrical  resistance 
of  films,  than  decomposition  of  amorphous  phase. 
Maybe  received  in  hard  conditions  of  modem  IPS 
high  resistance  diamond-like  is  strong 
semiconductor. 

The  structure  of  Fe  -  (22,6. .48,6)  at.%  Ag  film 
alloys  in  as-sputtered  state  represents  the  mixture 
of  supersaturated  solid  (a=Q,4084  nm)  solution  on 
Fe-base  and  microcrystalline  Fe.  The  structure  of 
Ni  -  (27.. 42)  at.%  Ag  films  alloys  represents  of 
amorphous  structure  with  precise  value  of  TCR 
~2T0"6  K1. 

Magnetic  properties  these  films  have  been 
measured  by  vibrating  sample  magnetometer.  The 
coersivity  of  Fe  -  22,6  at.%  Ag  films  after 
treatment  is  about  2  kOe  when  the  H  is  athwart  to 
sheet  of  films.  In  the  case  the  H  is  parallel  to  sheet 
of  films  coersivity  was  140  Oe.  The  value  of 
coersivity  in  Fe-Ag  films  can  be  likened  to  a  Hc  of 
hardmagnetic  films  Fe-Nd-B  system.  It  should  be 
recorded  that  there  is  the  thickness  of  Fe-Ag  film 
in  103  times  was  smaller  than  thickness  of  Fe-Nd- 
B  films. 
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The  next  perspective  unmixed  systems  are  W-Ba 
and  Ni-Ba  film  alloys.  A  limitation  of  traditional 
method  of  receiving  of  emissive  cathodic  knots  is 
that  it  does  not  possibility  to  obtain  homogeneous 
emissive  alloys  from  unmixed  components,  high 
adhesion  metals  (Ba,  Sr,  Ca)  on  W-substrate  to 
reach  miniature  geometrical  forms  of  cathodic 
knots. 

By  using  the  modernized  3-electrod  method  of 
ion-plasma  sputtering  the  amorphous  phase  in 
W(Ni)  -  Ba  film  alloys  was  received  in  wide 
concentration  intervals.  After  this  treatment  (900 
-  1000  K)  mosaic  system  of  alternating 

microareas  W,  Ni  or  Ba)  with  different  electron 
density  and  work  of  exit  have  been  formed. 
Received  areas  (W,  Ni)  with  high  density  of 
emissive  current  of  electrons  and  high  work  of 
exit  become  the  effective  electron  donors,  which 
are  joining  to  microareas  (Ba,  Sr,  Ca)  with  low 
work  of  exit  (1,4  eV).  Thus  this  method  makes 
possible  electrons  from  areas  with  high  electron 
density  and  high  values  of  work  of  exit  to  leave 
this  surfaces  by  the  way  of  similar  “tunneling”. 
These  electrons  have  considerably  lesser  energy 
as  compared  with  traditional  conditions.  It 
guarantees  total  high  electron  emissive  density  of 
miniature  film  emissive  cathodic  knots  at 
relatively  low  temperatures  of 


emissive  surfaces.  Marking  in  one  cycle  by 
thermal  way  on  the  final  stage  of  ion-plasma 
sputtering  of  mosaic  targets  the  protective  layer  of 
Mg  on  the  emissive  surface  cathodic  knots  makes 
possible  of  long  preservation  these  knots  in 
atmosphere  conditions.  Deliverance  of  surface  of 
cathodic  film  knots  from  Mg  -  layer  passes 
automatically  at  heating  and  preparation  cathodic 
knot  to  work’s  state. 

This  method  secures  the  following  advantages: 

1) the  possibility  of  receiving  emissive  film 
unmixed  alloys  in  wide  concentration  intervals; 

2)  improving  and  restoring  emissive 
characteristics  of  film  alloy  by  the  way  of  cycle 
treatment;  3)  the  possibility  of  application  of 
straight  warning  up  emissive  surface  by  electric 
current;  4)  accommodating  with  high  density  of 
miniature  cathodic  point  knots  on  the  area  for  new 
improved  colour  TV -kinescopes. 

Thus  the  proposed  method  of  3-electrod  ion- 
plasma  sputtering  opens  the  new  class  of  film 
alloys  with  improved  physical  properties. 
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ELECTRON  BEAM  WELDING  OF  y-TITANIUM  ALUMINIDE 

Zamkov  V.N.,  Sabokar  V.K..  Vrzhyzhevsky  E.L. 

E.O.Paton  Electric  Welding  Institute  of  the  NAS  of  Ukraine,  Kyiv,  Ukraine 


Interest  in  y-TiAl  based  alloys  is  dictated  by 
their  unique  properties.  They  possess  high  heat 
resistance  and  thermal  stability  and,  at  the  same 
time,  relatively  low  density  (3. 8-3. 9  g/cm3)  [lj. 
However,  at  normal  temperatures  these  alloys  have 
low  ductility,  which  makes  their  treatment  much 
more  difficult  and  hampers  their  commercial 
application.  Therefore,  utilization  of  y-TiAl  in 
different-application  structures  will  be  determined 
to  a  high  degree  by  development  of  efficient 
processes  for  their  treatment,  including  welding. 

Because  of  low  ductility  (up  to  a 
temperature  of  700  °C),  y-TiAl  alloys  are  very 
sensitive  to  stresses  formed  under  conditions  of 
non-uniform  heating  during  welding,  and  their 
welded  joints  are  susceptible  to  transverse  cold 
cracking.  It  is  suggested  in  [2, 3]  that  preheating  of 
weld  edges  should  be  used  to  prevent  formation  of 
the  above  cracks,  as  this  method  leads  to  a 
decrease  in  the  rate  of  growth  of  temporary  stresses 
during  welding  and  lowers  the  level  of  residual 
welding  stresses.  However,  the  above  studies 
contain  no  unambiguous  recommendations  for  a 
preheating  temperature  at  which  the  crack-free 
welded  joints  could  be  guaranteed. 

Investigations  were  conducted  on  samples  of 
y-alloy  Ti-48Al-2Nb-2Mn,  4-17  mm  thick,  cut 
from  an  ingot  and  subjected  to  isostatic  treatment 
at  a  temperature  of  1260  °C  and  pressure  of  171 
MPa  for  4  hours,  and  to  subsequent  stabilizing 
annealing  at  101 5  °C  for  50  hours. 

As  shown  by  calculation  methods,  the  larger 
the  thickness  of  a  metal  welded,  the  higher  the 
rigidity  of  a  plate  and  the  higher  the  preheating 
temperatures.  In  this  case  the  level  of  stresses 
formed  in  welding  under  the  effect  of  the  welding 
cycle  temperature  gradient  will  not  exceed  tensile 
strength  of  the  metal,  and  no  cracks  will  be  formed 
in  a  welded  joint. 

The  samples  were  welded  using  the  UL-144 
machine  equipped  with  the  ELA  60/60  power  unit. 
Preheating  was  performed  in  a  welding  chamber 
by  scanning  a  low-power  electron  beam  over  the 
surface  of  a  workpiece.  The  preheating 
temperatures  were  400,  500  and  600  °C.  Welding 
with  full  penetration  of  edges  was  performed  in  a 
single  pass  using  no  filler  metal. 


The  character  of  variations  in  temperature 
along  the  weld  axis  and  peculiarities  of  formation 
of  longitudinal  temporary  and  residual  stresses 
were  established  by  calculating  temperature  fields 
in  EBW,  allowing  for  preheating.  Relatively  low 
thermal  conductivity  of  the  alloy  favours  that 
temperature  field  in  a  plate  retains  its  non¬ 
uniformity  for  a  long  time  after  completion  of 
welding.  Therefore,  temporary  stresses  in  the  weld 
metal  increase  with  cooling  of  a  sample  down  to 
the  initial  w'elding  temperature.  It  was  shown  that 
the  level  of  residual  tensile  stresses  along  the  weld 
at  a  preheating  temperature  of  400  °C  was  not  in 
excess  of  tensile  strength  of  the  alloy  at  a  nonnal 
temperature,  which  accounted  for  the  absence  of 
cracks  in  the  plates  welded  using  preheating  to  400 
°C. 

Mechanical  tests  of  welded  joints  showed 
that  metal  in  the  as-welded  condition  had  ot  equal 
to  332.8-353.6  MPa. 

Annealing  after  welding  at  temperatures  of 
800-900  °C  for  10-15  min  leads  to  a  fundamental 
decrease  in  the  probability  of  formation  of 
transverse  cold  cracks,  owing  to  a  decrease  of 
almost  2  times  in  residual  welding  stresses  in  the 
plates.  This  heating  was  performed  immediately 
after  the  end  of  welding  using  the  same  procedure 
as  that  employed  for  preheating. 

Mechanical  tests  showed  dependence  of  cr, 
upon  postweld  annealing.  Thus,  in  the  as-welded 
condition  +  annealing  ot  is  equal  to  459.0-522.0 
MPa.  A  substantial  difference  in  the  values  of  ot  of 
welded  samples  without  annealing  and  after 
annealing  can  be  explained  only  by  the  presence  of 
residual  welding  stresses  in  a  welded  plate,  which 
are  decreased  as  a  result  of  annealing. 

It  has  been  established  that  annealing  at  800 
°C  for  10  min  immediately  after  welding  favours 
development  of  lamellar  structure  in  all  regions  of 
a  welded  joint.  However,  the  observed 
microstructural  transformations  can  hardly  cause 
an  increase  in  strength  of  the  welded  joint.  It  can 
be  concluded  that  the  main  cause  of  this 
phenomenon  does  lie  in  a  decrease  in  residual 
stresses. 

Heat  treatments  were  conducted  in  a  vacuum 
furnace  for  5-25  hours  in  the  (a+P)  region  of  the 
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alloy  to  form  the  most  favourable  structure  in 
terms  of  mechanical  properties  of  welded  joints. 

The  main  structural  characteristic  of  a  heat- 
treated  welded  joint  is  formation  of  a 
Widmanstatten  structure  in  all  its  regions. 

The  best  mechanical  properties  of  y-titanium 
aluminide  Ti-48Al-2Nb-2Mn  (ct,  =  513-528  MPa. 
cto.2  =  480.8-499.0  MPa)  and  the  optimal  structure 
ensuring  such  properties  were  achieved  after 
annealing  at  1260  °C  for  25  hours.  The  presence  of 
the  Widmanstatten  structure,  which  is  formed  as  a 
result  of  the  y-»«  transformation,  has  a  favourble 
effect  on  ductile  properties  of  the  alloy. 

Conclusions 

1.  To  prevent  formation  of  transverse  cracks  in 
EB  welded  joints  of  alloy  Ti-48Al-2Nb-2Mn, 
4-17  mm  thick,  it  is  recommended  to  subject 
workpieces  to  a  temperature  of 400-500  °C. 

2.  To  decrease  the  level  of  residual  stresses,  it  is 
necessary  to  subject  welded  joints  immediately 
after  welding  to  annealing  within  a 
temperature  range  of  800-900  °C. 


3.  To  provide  the  optimal  structure  and 
mechanical  properties  of  welded  joints  in  y- 
titanium  aluminide,  it  is  necessary  to  conduct 
annealing  at  1260  °C  for  25  hours. 
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ADVANCED  LIGHT  ALLOYS  METALLIC  SYSTEMS  FOR  THE  FUTURE: 
PROGRESS  IN  HIGH  -  CURRENT  ELECTRONICS  AND  DYNAMIC 
(STRUCTURAL)  APPLICATIONS 
Tkachenko  V.G. 

Frantsevich  Institute  for  Problems  of  Materials  Science,  National  Academy  Science  of  Ukraine, 

Kiev  Ukraine 


This  report  use  aims  to  exchange  and  disseminate 
basic  ideas  in  the  field  of  designing  advanced  me¬ 
tallic  alloy  systems  between  research  scientists  and 
engineers  throughout  the  world.  The  emphasis  is 
placed  on  the  original  research,  both  analytical  and 
experimental,  in  various  aspects  of  the  approach 
when  outstanding  new  advances  are  made  in  ex¬ 
isting  areas  of  physics  of  metals  and  electronic 
materials  science  and  new  areas  have  been  devel¬ 
oped  to  definite  stage. 

I.  Stimulated  Diffusion  in  Excess  Vacancy  Su¬ 
persaturated  Solid  Solutions  with  Cluster  - 
Forming  Structure. 

The  effect  of  inducing  the  excess  (non  -  intrinsic, 
structural)  vacancies  with  mobile  interstitials  (hy¬ 
drogen  atoms  and  the  like)  as  well  as  of  forming 
the  diffusive  mobile  clusters  of  "excess  vacancy  - 
solute"  are  predicated  theoretically  and  then  sup¬ 
ported  in  a  series  of  experiments.  In  search  of  the 
generalized  approach,  the  results  obtained  are 
analyzed  and  summarized  in  terms  of  solute  - 
stimulated  diffusion  concept  and  of  a  structure  - 
clustering  model  with  the  estimates  of  the  rate  of 
relaxation  and  the  activation  parameters  of  diffu¬ 
sion  at  the  temperature  range  of  77  -  1000K  by 
means  of  structure  -  sensitive  methods  of  meas¬ 
urements  (discrete  Q'1  temperature  spectra,  me¬ 
chanical  hysteresis  loops,  electron  -  positron  anni¬ 
hilation  on  vacancies,  electroresistivity,  etc.).  The 
excess  vacancy  concentration  is  found  to  exceed 
the  values  of  thermally  equilibrium  vacancies  in 
pure  metals  by  two  -  three  orders.  As  a  conse¬ 
quence,  it  changes  the  classical  vacancy  -  type 
mechanism  of  diffusion  in  the  substitutional  sub¬ 
system  (HCP  Mg-Ba)  facilitating  the  formation  of 
diffusive  nanoclusters  with  different  bonding  ener¬ 
gies.  Then  accelerated  short  -  range  diffusion  in 
solid  solutions  is  developed  by  the  mixed  (partly  - 
through  excess  vacancy  sites,  partly  -  through  in¬ 
terstices)  cluster  diffusion  mechanism  typical  for 
above  solid  solutions  and  responsible  for  thermally 
activated  deviation  of  solute  diffusivity  from  clas¬ 
sical  (Arrhenius)  behavior  at  low  temperatures  as 
well  as  for  the  appearance  of  high  -  temperature 
anomalies  in  electrical  resistance  (FCC  Al-Li), 
change  the  interstitial  -  to  -substitutional  -  type 


mechanism  of  diffusion  with  increasing  tempera¬ 
ture  (HCP  Be-C),  and  deviation  from  Vegard's  low 
predicting  a  linear  dependence  of  atomic  volume 
as  function  of  solute  concentration. 

n.  Crystals  Systems  with  Advanced  Quantum 
Yield  of  Photoemission. 

Development  of  the  high  -  current  UHF  electronics 
stimulated  exploring  the  photoemissive  materials 
with  enhanced  quantum  yield  (Y,  10~3-  10"2  elec¬ 
tron/photon)  in  the  ultraviolet  spectral  range, 
which  have  to  maintain  their  properties  at  the  tech¬ 
nical  vacuum  conditions  (10'5-10'6  Torr)  under  the 
influence  of  the  intensive  laser  irradiation  ( 1 06- 1 07 
Wt/sm2),  strong  (lOOMV/m  scale)  accelerating 
electric  fields.  It  it's  nown  that  conventional  semi¬ 
conductors  being  technological  basis  of  the  modem 
solid  state  physics  prove  to  be  synthesized  in  situ 
become  unstable  even  in  ultra  high  vacuum  espe¬ 
cially  under  the  influence  of  intensive  laser  irra¬ 
diation.  Pure  metals  also  could  hardly  be  used 
there  because  of  low  Y  -  value  in  this  spectral 
range.  Advanced  metallic  alloy  systems  appear  to 
be  a  suitable  tool  to  increase  photoemissivity  of  the 
some  perspective  metals  of  IIA  an  IIIB  subgroups 
of  Periodic  Table  (particularly,  magnesium  and 
aluminium)  for  producing  extremely  bright,  high 
repetition  rate  devices. 

Generalized  results  are  presented  which  concern 
with  perspective  aluminium  and  magnesium  alloys 
possessing  new  combination  of  bulk  (structural) 
and  surface  (emissive)  properties.  The  linear  de¬ 
pendence  of  quantum  yield  on  a  photon  energy  in 
the  Ym-hv  theoretical  coordinates  is  in  agreement 
with  Fowler's  law  for  near  -  free  -  electron  model. 
Under  the  available  and  classified  data  of  par¬ 
amagnetic  susceptibility,  Auger  -  electron,  X  -  ray 
and  -  UV  -  photoelectron  spectroscopy  for  decay¬ 
ing  solid  solutions  (FCC  Al-Li)  possessing  true 
(lattice)  solubility  as  well  as  eutectic  alloys  (HCP 
Mg-Ba)  with  nanophase  structure  differing  effec¬ 
tive  solubility  only  on  the  structural  defects  the 
reliable  correlation  between  improved  quantum 
yield  of  photoemission  and  increased  local  density 
of  occupied  states  of  valence  electrons  near  the 
Fermi  surface  is  for  the  first  time  established  which 
is  determined  by  a  volume  portion  of  a  crystalline 
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structure  of  their  solid  solutions  if  the  energy  of  a 
quantum  exceeds  photoelectric  work  function. 

On  this  basis  the  concepts  of  segregated  solid  so¬ 
lutions  and  diffusion  clustering  a  structure  are  de¬ 
veloped,  and  nanocluster  segregayion  model  for 
nanophase  materials  is  suggested  which  relates 
electron  structure  and  optic  properties  with  their 
solute  composition  closed  to  corresponding  chemi¬ 
cal  compounds  and  describes  rapid  decomposition 
with  formation  of  hydride  -  like  segregation  and/or 
prephase  (GP  -  zone)  "precipitates".  The  new 
regularities  allow  to  formulate  physical  principles 
of  doping  the  light  metals  II A  and  IIIB  subgroups 
of  Periodic  Table  necessary  for  creation  of  per¬ 
spective  photoemissive  materials  with  increased 
quantum  efficiency,  which  can  be  used  for  re¬ 
placement  of  semiconducting  photoemitters,  inef¬ 
fective  in  strong  electric  fields  and  technical  vac¬ 
uum.  They  are  based  on  recognizing  of  the  deci¬ 
sive  contribition  of  chemical  binding  state  change 
for  solid  solutions  or  its  hybridization  in  nano¬ 
cluster  as  emission  -  active  centers  providing  stable 
quantum  yield,  in  particular,  on  the  nature  of  hy¬ 
bridization  of  Ba  -  and  Mg  atomic  orbits  (s,p,-  d  - 
electron  configurations)  for  eutectic  alloys  with 
cluster  -  forming  structure. 

Using  preliminary  activation  of  sample  surface  by 
a  pulsed  excimer  XeCl  laser  irradiation  and  study¬ 
ing  the  observed  photoelectron  energy  -  distribu¬ 
tion  data  as  well  as  the  quantum  yield's  spectral 
characteristics  within  the  photon  energy  range  up 
to  1 1  eV  one  can  demonstrate  a  two  -  three  order  - 
magnitude  improvement  in  the  quantum  efficiency 
of  the  metallic  alloy  (massive)  photocathodes 
compared  to  corresponding  pure  metals  (alumin¬ 
ium  and  magnesium).  On  this  basis  are  evidenced  a 
possibility  of  principle  and  advantages  for  pro¬ 
ducing  (branching)  the  monoenergetic  electron 
beams  in  a  nanosecond  range  using  Mg-Ba,X  and 
Al-Li,X  alloy  systems  to  facilitate  the  solution  pf 
one  of  the  key  problem  of  the  accelerative  tech¬ 
nique  requiring  creation  of  laser  -  controlled  pho¬ 
toelectron  gun  with  shot  (nanosecond)  current 
pulses. 

Maximum  quantum  yield  of  these  advanced  binary 
and  ternary  alloy  systems  is  characterized  by  an 
optimum  combination  of  volume  -  controlled  prop¬ 
erties  ensuring  the  most  effective  redistribution  of 
partial  DOS  near  the  Fermi  level,  and  surface  lo¬ 
calization  of  a  dipole  moment  (double  electrical 
layer  consisting  from  volume  -  diffusible  and  po¬ 
larized  atoms  of  alloying  elements)  with  a  mini¬ 
mum  of  photoelectric  work  function  for  excited 
valance  electrons. 


The  existence  of  universal  relationship  between  the 
fundamental  macro  -,  micro,  -  and  submicro  (elec¬ 
tron)  levels  is  outlined  for  the  investigated  metallic 
alloy  systems.  For  example,  Li  as  alloying  element 
increases  macroscopic  elastic  modulus,  grain 
boundary  contribution  into  strengthening/softening 
effects  and  quantum  yield  photoemission.  The 
level  of  their  photoemissive  properties  is  attributed 
by  nature  of  chemical  bonding  to  be  formed  as 
well  as  relative  electronegativeness  (ionization  en¬ 
ergy)  which  increases  within  third  period  (Na,  Mg, 
Al)  and  reduces  in  subgroup  (IIA  -  Be, 
Mg,Ca,...Ba)  with  increasing  atomic  number  of 
elements. 

III.  Steady  Progress  of  Structural  Light  Alloys. 

Two  group  of  structural  magnesium  alloys  are  be¬ 
ing  developed  in  industrial  use  to  meet  require¬ 
ments  for  further  developments  of  technical  prog¬ 
ress:  (i)  high  creep  -  resistant,  light  and  more 
cheaper  magnesium  alloys  for  automobile,  radio 
engineering  and  other  dynamic  applications;  (ii) 
.high  temperature  -  strength  magnesium  based  al¬ 
loys  containing  Y,  Sc,  Thr  RE  as  alloying  elements 
for  high  -  loaded  details  applications  in  industrial 
use  (aircrafts,  helicopters,  automobile  engines). 
Taking  into  consideration  seller's  price  of  the  RE 
which  restrict  their  adoption  in  a  mass  production, 
aerospace,-  acoustician,-  and  car  designers  are  in¬ 
terested  in  development  of  lower  cost,  high  creep  - 
resistant  and  light  structural  materials  not  contain¬ 
ing  the  RE  is  possible  in  order  to  use  them  in  dy¬ 
namic  applications  in  which  a  low  moment  of  in¬ 
ertia,  good  static  stiffness  and  high  resistance  to 
deformation  at  evaluated  temperatures  are  essen¬ 
tial.  In  the  present  research  the  main  attention  is 
given  to  magnesium  alloys  of  Mg  -  Al,Ca,Ba,X 
system  of  eutectic  origin  as  well  as  discontinuous 
SiC  (A1203)  particle  -  reinforced  magnesium  ma¬ 
trix  composites  to  be  produced  different  routs  of 
advanced  processing.  The  evaluated  temperature 
creep  and  unit  strength  properties  appear  to  be  sig¬ 
nificantly  better  (at  the  creep  limit  of  65  MPa  and 
160  °C)  than  that  of  the  commercially  available 
MgAZ91D  alloy  with  divorced  eutectics  (Dow 
Chemical  Corp.,  USA). 

New  generation  superlight  alloys  of  HCP  Be- 
Al,Mg,Si  system  can  be  successfully  utilized  in 
precision  aerospace  navigational  instrumentation 
such  as  gyroscope  components  requiring  materials 
with  high  microyield  strength  and  good  dimen¬ 
sional  stability  as  well  as  precision  optical  compo¬ 
nents  for  high  quality  metal  optic  mirrors  with  an 
extremely  high  stiffness  -  to  weight  ratio  and  an 
excellent  thermal  conductivity. 
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Within  the  last  decade  high-temperature  strength 
and  heat  resistance  lightweight  alloys  attract  a 
great  attention.  Such  alloys  are  of  great  interest  for 
aircraft,  space  and  transport  industry.  The  most 
promising  materials  of  this  class  are  titanium  based 
alloys.  In  addition  to  traditional  materials  of  Ti-V, 
Ti-V-Nb,  Ti-Zr-Nb  types,  new  materials  based  on 
intermetallide  compounds,  especially  titanium 
aluminides,  are  intensively  developed  [1,2].  Such 
compounds  are  distinguished  by  high-temperature 
strength  but  they  show  low  plasticity  at  room 
temperature.  Their  production  by  smelting  is  rather 
complicated  and  the  most  of  developments  are 
dedicated  to  the  production  of  intermetallides 
based  materials  by  powder  metallurgy  methods. 
Processes  of  intermetallides  preparation  in  Ti-Ni, 
Ti-Al,  Ti-Si  systems  have  been  studied  in  this 
work.  The  intermetallides  have  been  prepared  by 
high-energy  milling  of  powders  followed  by 
sintering.  Titanium  has  been  used  both  as 
electrolytic  powder  and  as  titanium  hydride 
powder.  Powders  milling  and  mixing  have  been 
carried  out  in  the  vibration  mill  at  a  1:10  ratio  of 
blend  and  balls.  Specific  surface  of  powders  and 
degree  of  lattice  distortion  have  been  determined 
after  milling. 

Investigation  of  powders  milled  has  shown  that 
considerable  dispersion  is  achieved  only  for 
silicon  and  titanium  hydride  powders  that  have 


Measurement  of  specific  surface  and  lattice 
distortion  has  shown  that  optimum  milling  time 
is  3-5  h  what  has  been  taken  for  the  subsequent 
preparation  of  Ti-Al,  Ti-Ni,  Ti-Si  mixtures  using 
titanium  or  titanium  hydride  powders. 
Microstructural  study  of  particles  in  powder 
mixtures  has  shown  the  following.  In  Ti-Al 
mixtures  the  titanium  flat  particles  that  have  size 
about  50  pm  are  partially  covered  with  an 
aluminium  layer  preventing  further 
disintegration  of  titanium.  The  same  situation  is 
observed  in  Ti-Ni  mixtures  but  in  this  case 
titanium  particles  are  covered  with  a  thinner 
nickel  layer  (1-2  pm)  and  less  uniformly. 

In  the  Ti-Si  system,  at  first,  active  silicon 
dispersion  occurs  during  joint  milling.  Then 
silicon  particles  are  forced  into  the  flat  titanium 
plates.  Processes  of  the  alloy  formation  that 
follows  the  mechanical  alloying  pattern  are 
absent  in  all  systems. 

Synthesis  of  Ti3AL,  TiNi,  Ti5Si3  intermetallides 
has  been  studied  under  different  conditions  for 
sintering  in  vacuum.  The  specimens  with  a 
density  of  75-80%  have  been  compacted  from 
the  blend  prepared.  The  specimens  compacted 
correspond  to  the  compositions  of  above 
intermetallides.  Results  of  X-ray  diffraction 
analysis  are  given  in  Table  1.  Phases  are  shown 
in  order  of  the  decrease  in  intensity.  In  all  the 


size  of  particles  less  than  1  pm..  Titanium,  nickel  systems  the  formation  of  intermetallides  results 

and  aluminium  powders  milling  has  not  resulted  in  only  the  intense  exothermic  reaction, 

in  substantial  changes  of  dispersity.  However,  the  In  this  case  fusion  or  growth  and  destruction  of 

shape  of  particles  changes  rather  considerably.  specimens  are  observed. 


Table  1.  Phase  composition  of  specimens  from  titanium  based  mixtures 


System 

Sintering 

temperature,°C 

Sintering 
time,  h 

Phase  composition 

Note 

Ti-Ni 

770 

1 

ysoiNi+Ti+Ti2Ni+Ni3Ti 

770 

3 

Ti2Ni+Ni3Ti+Ti 

900 

2 

Ti+yS0|Ni+  Ti2Ni 

Ni3Ti  traces 

1000 

2 

TiNi 

Exothermic  reaction. 

Specimens  are  fused 

Ti-Al 

475 

24 

Ti+Al+Al3Ti 

620 

5 

The  same 

900 

6 

Solid  sol.Ti+Al3Ti+ 

Exothermic  reaction.  Growth  and 

+Ti3Al+TiAl+Al 

deformation  of  specimens 

1080 

4 

The  same 

Ti-Si 

700 

2 

Ti+Si 

Ti5Si3  traces 

800 

2 

Ti5Si3 

Exothermic  reaction. 

900 

2 

Ti5Si3 

Destruction  of  specimens 
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At  lower  sintering  temperatures  for  the  systems 
studied  interaction  between  components  does  not 
practically  occur  or  the  multiphase  material  forms. 
The  material  contains  a  number  of  solid  solutions 
and  compounds.  When  sintering  time  is  increased, 
subsequent  homogenization  proceeds  rather  slowly. 
Thus,  experiments  conducted  have  not  allowed  the 
preparation  of  intermetallides  that  would  have  the 


given  compositions.  Experiments  have  not 
allowed  the  preservation  of  specimens  shape  and 
size. 

At  the  next  stage  synthesis  of  compounds  with 
titanium  introduced  as  hydride  has  been  studied. 
Results  of  X-ray  diffraction  analysis  are  given  in 
Table  2.  As  follows  from  the  data  obtained, 
titanium  hydride  sharply  intensifies  synthesis  for 
from  TiH2  based  mixtures 


System 

Sintering 
temperature,  °C 

Sintering 
time,  h 

Phase  composition 

Note 

TiHrNi 

600 

3 

Ti+Ni+NiTi+Ni3Ti 

770 

3 

Ti2Ni+Ni3Ti 

900 

3 

TiNi 

Ni2Ti  traces 

TiHrAl 

475 

24 

Ti+TiAl3+Ti3Al 

620 

5 

Ti+Ti3Al+TiAl 

900 

6 

Ti3Al+Ti 

1080 

4 

Ti3Al 

Ti  traces 

TiHrSi 

900 

2 

Ti5Si3 

1100 

2 

Ti5Si3 

all  the  considered  systems.  In  this  case  fusion  and 
destruction  of  specimens  are  not  observed.  Sintered 
Ti3AL  and  TiNi  intermetallides  have  a  density  more 
than  90%  of  theoretical  one  and  strength  on  a  level 
with  analogous  materials  produced  by  smelting. 
During  sintering  Ti5Si3  specimens  change  their  size 
very  little  but  they  show  low  strength.  Ti5Si3 
particles  formed  are  weakly  connected  between  each 
other.  This  is  likely  due  to  the  presence  of  covalent 
bonds  in  the  TiSi  system. 

Thus,  introduction  of  titanium  hydride  has  resulted 
in  substantial  activation  of  synthesis.  Possible  causes 
of  this  effect  have  been  considered. 

Structures  of  mixtures  with  titanium  and  its  hydride 
proved  to  be  quite  different.  In  the  first  case  the 
mixture  represents  rather  large  titanium  particles 
covered  with  aluminium  or  nickel  layer.  In  the 
second  case  diffusion  paths  are  by  1-2  order  of 
magnitude  less  than  those  in  the  mixtures  with  pure 
titanium. 

It  should  be  noted  that  titanium  hydride 
decomposition  that  begins  at  300-400  °C  results  in 
formation  of  atomic  hydrogen.  Reduction  of  residual 
oxide  films  present  on  aluminium  and  silica  particles 
is  possible  thermodynamically  in  the  atomic 
hydrogen  medium. 

High  intensity  of  interaction  in  the  mixtures  with 
titanium  hydride  has  been  verified  by  differential 
thermal  analysis  (DTA)  of  Ti-Al,  TiH2-Al  mixtures 
heating  [3].  In  heating  Ti-Al  specimens  the 
noticeable  exothermic  effects  are  not  observed  up  to 
a  temperature  of  melting  aluminium.  The  intensive 
reaction  begins  in  going  over  the  melting  point. 


The  reaction  results  in  formation  of  a  number  of 
compounds.  DTA  of  heating  the  specimens  with 
titanium  hydride  has  shown  that  synthesis  shifts  to 
the  temperature  range  lower  than  the  point  of 
melting  aluminium.  In  this  case  the  solid-phase 
reaction  proceeds  so  intensively  that  above  600- 
620  °C  pure  aluminium  is  no  longer  in  specimens 
(Table  2).  Absence  of  liquid  phase  has  provided 
the  formation  of  the  material  having  high  density' 
(94-95%  of  theoretical  one). 

Thus,  the  use  of  titanium  hydride  gives  significant 
advantages  in  production  of  titanium 
intermetallides.  Substantial  intensification  of 
diffusion  processes  occurs  due  to  the  optimum 
component  distribution  within  the  blend  and 
reduction  of  surface  oxide  films.  Therefore, 
synthesis  begins  at  considerably  lower 
temperatures  than  in  the  case  of  pure  titanium 
what  allows  us  to  avoid  an  intense  reaction  with 
high  exothermic  effect.  This  circumstance  allows 
the  production  of  the  material  having  high  density 
and  the  preservation  of  the  product  shape  after 
synthesis.  This  is  a  significant  advantage  of  the 
technology  as  low  plasticity  of  intermetallides 
makes  the  process  of  the  following  compaction 
rather  complicated. 
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The  composites  Ti-Si  are  intended  for  production 
of  small  details  of  engines  and  compressors,  such 
as  wheel  rotors  both  stators  of  turbochargers  and 
compressors,  bodies  of  pre-chambers  of  diesel 
engines,  heat-shield  attrition-resistant  inserts  in  the 
piston  of  forced  diesel.  These  details  are 
distinguished  by  major  difference  of  cross-sections. 
Hence  their  solidification  happens  in  a  broad  band 
of  cooling  rates.  Thus  the  study  of  effect  of  a 
cooling  rate  at  solidification  of  alloy  on 
parameters  of  its  structure  and  its  properties  is 
actual. 

Materials  and  technique  of  researches 

Iodide  titanium  and  zirconium,  silicon  and 
aluminum  of  high  cleanliness  have  been  applied  as 
raw  materials.  Smelting  of  alloys  has  been  carried 
out  in  the  plasma-arc  furnace  with  skull  tilted 
crucible,  plasma  formation  gas  helium  has  been 
used.  After  smelting  of  an  alloy,  overheating  up  to 
given  temperature  and  certain  endurance  at  this 
temperature  the  melt  has  been  poured  out  in  copper 
wedge  -  shaped  mould. 

The  local  cooling  rate  has  been  determined  by 
means  of  the  Institute  of  Light  Alloys  resumptive 
diagram  using  a  dependence  of  a  dendrite  structure 
parameter  of  primary  (3-  dendrites  of  cooling  rate. 

Light  microscope  JENAPHOT  2000,  X-ray 
diffractometer  DRON  2,0,  EDAX  was  used  for 
study  microstructure  and  phase  composition  of 
experimental  alloys.  The  volumetric  share  of 
structural  constituents  was  determined  by  means 
quantitative  processing  of  the  images  with  the  help 
of  software  Image  Expert.  A  hardness  of  the 
samples  was  determined  with  help  Rockwell  press. 
A  micro-hardness  was  tested  with  the  PMT-3 
tester.  The  basic  mechanical  characteristics  of  a 
material  (Young’s  modulus,  bending  strength, 
relative  elongation)  was  determined  by  four-dot 
bend  with  help  test  machine  CERAMTEST  with 
computer  registration  of  experimental  data. 


Results  of  experiment  and  discussion 

The  diagram  of  change  of  local  cooling  rate 
depending  on  distance  from  an  edge  of  a  wedge 
looks  like  falling  down  exponent. 

The  maximal  cooling  rate  (3 TO3  K/s)  is  fixed  in 
near-surface  layers  of  wedge-shaped  ingot. 
Characteristic  microstructure  corresponds  to  it: 
light  primary  dendrites  of  formed  p-  solid  solution 
with  mutual  -  orthogonal  branches  and  dark  etched 
eutectic  constituent.  With  removal  from  a  surface 
cooling  parameter  of  dendrite  structure  is  in  steps 
increased.  The  morphology  of  transformed  P- 
dendrites  is  changes  also:  the  not  numerous  short 
dendrite  branches  lose  mutual  ortogonality  and 
dendrites  accept  wrong  rounded  form.  It  is 
necessary  to  note,  that  zones  with  both  structural 
types  of  dendrites  simultaneously  quite  often  are 
observed. 

With  removal  from  an  edge  of  a  wedge  the  share  of 
the  P-dendrites  of  the  second  type  grows.  The 
branching  of  the  P-dendrites  decreases,  their 
branches  are  made  thicker.  The  external  contour  of 
P-dendrite  becomes  more  and  more  rounded.  The 
precipitations  of  dot  crystals  apparently  of 
secondary  titanium  silicides  are  observed  at  the 
cross-sections  of  rounded  transformed  p-dendrites. 
The  liquation  contours  well  appreciable  on  sections 
of  orthogonal  P-dendrites  have  disappeared 
completely.  In  the  parcels  solidified  with  the 
minimal  speed  of  cooling  the  rounded  crystals  of 
the  transformed  P-phase  are  lost  with  attributes  of 
dendritic  structure  and  turn  in  rounded  grains  with 
irregular  rounded  interface  with  interdendritic 
eutectic. 

The  volumetric  share  of  transformed  P-dendrites 
depends  on  local  rate  of  cooling  of  alloy.  The 
minimal  share  of  p-dendrites  is  located  near  an 
edge  of  a  wedge.  With  distance  from  an  edge  it 
rises,  asymptotically  coming  nearer  to  75  %.  The 
equilibrium  value  of  a  volumetric  share  of  P- 
dendrites  for  an  alloy  of  the  given  concentration  is 
76  %. 
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The  measurement  of  micro-hardness  of 
transformed  (3-dendrite  has  fixed  its  maximal  value 
near  an  edge  of  a  wedge.  With  removal  from  an 
edge  the  micro-hardness  of  (3-dendritc 
asymptotically  comes  nearer  to  value  H,,  =1850 
MPa. 

In  micro-zone  of  an  ingot,  where  light  microscopy 
effectively  permits  microstructure  of  eutectic, 
eutectic  colonies  of  complex  micro-morphology 
are  fixed.  The  central  part  of  colonies  is  formed  by 
silicide  rods.  They  form  close  packed  package 
framed  by  lamellar  environment.  The  metal  matrix 
here  forms  a  basis  of  eutectic.  It  is  known,  that 
eutectics  with  a  continuous  matrix  and  ramified 
tillers  of  reinforcing  (here  -  silicide)  hases  is 
referred  as  skeletal  eutectics  (Fig.l). 


A  matrix  of  the  eutectic  of  other  type  is  formed  by 
a  non-  metal  phase  while  branched  phase  is 
represented  by  metallic  solid  solution.  The 
eutectics  of  such  type  are  named  ledeburite-like 
under  the  name  of  eutectic  of  white  cast  iron  which 
has  the  same  type  of  micro-structure.  Phase 
composition  of  cast  is  presented  with  equilibrium 
a,  Ti5Si3  and  nrctastable  (3  and  TiSi  phases.  An 
occurrence  of  silicide  TiSi  in  a  researched  alloy 
represents  the  great  interest  because  this  silicide 
enters  into  a  subsystem  Ti5Si3  -  Si  and  is  absent  in 
alloys  of  a  subsystem  Ti  -Ti5Si3  in  equilibrium 
conditions.  For  finding  -  out  of  the  factors 
stimulating  formation  of  silicide  TiSi  in  wedge- 
shaped  casts  the  following  experiments  have  been 
canned  out. 

1.  Two  wedge-shaped  ingots  Ti-  2.9A1-  4.1  Si-  4.7 
Zr  have  been  filled  in  mould  after  overheating  of 
the  melt  1650°C  and  1800°C. 

2.  Wedge-shaped  ingots  of  an  alloy  Ti-  3A1-  6Si- 
5Zr  have  been  made  after  overheating  1 800°C. 

From  obtained  data  it  follows  that  the  intensity  of 
(210)  interference  from  a  TiSi  lattice  raises  with 


increase  of  concentration  of  silicon  and 
temperature  of  overheating  of  the  melt.  After 
anncaling  at  650°C  during  1  hour  interferences  of 
TiSi  disappeared. 

The  given  data  allow  to  assume,  that  structure  of 
initial  melt  plays  the  main  role  in  formation  of 
nrctastable  silicide  TiSi.  Apparently  with  increase 
of  concentration  of  silicon  and  temperature  of 
overheating  the  probability  of  formation  of  cluster 
with  TiSi  stehiometry  increases.  Probably  the 
crystals  TiSi  is  nucleated  on  the  basis  of  them  and 
then  grow. 

The  dependence  of  hardness  of  an  alloy  with 
cooling  rate  is  investigated.  It  is  shown  that  the 
maximal  hardness  corresponds  to  zones  of  the 
cast  which  are  fonned  at  the  maximal  cooling 
rate  (3-10'K/s).  With  reduction  of  cooling  rate 
the  hardness  is  decreased.  It  can  be  explained 
by  influence  of  two  factors:  -  with  reduction  of 
cooling  rate  a  supersaturation  of  (3-dendrites  by 
silicon  and  others  alloying  elements  is  decreased:- 
with  reduction  of  cooling  rate  of  an  alloy  the 
volumetric  share  of  transformed  [3-dendrites  having 
plasticity  large  than  eutectic  constituent  is 
increased.Thc  tests  of  samples  for  a  four-dot  bend 
are  carried  out  at  room  temperature.  The  micro¬ 
deformations  curve  are  constructed  with  the  help  of 
the  computer  program.  The  basic  mechanical 
characteristics:  the  modulus  of  elasticity  E, 
bending  strength  a,  defonnation  s  at  the  moment  of 
destruction  are  given  in  the  Table. 


Cooling  rate 

The  mechanical  characteristics 

E,  GPa 

o.  MPa 

£;  % 

10° 

129 

1337 

0,063 

101 

129 

625 

0 

io- 

131,5 

1582 

0,2 

The  analysis  of  the  data  shows,  that  the  highest 
mechanical  characteristics  corresponds  to  high 
cooling  rate  which  provides  with  formation  of 
rather  uniform  structure  of  greater  volumetric  share 
of  orthogonal  (3-dendrites  and  skeletal  eutectic. 

Conclusion 

1.  A  cooling  rate  has  effective  influence  on  both  the 
microstructure  and  mechanical  behavior  of  Ti-Si  based 
alloys. 

2.  A  solidification  under  high  cooling  rates  results  in 
highest  mechanical  characteristics  of  alloys.  It  can  be 
explained  by  formation  of  favorable  microstructure: 
fine-branched  P-dendrites  and  skeletal  eutectic  with 
metallic  matrix  and  branched  silicide  phase. 
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Introduction 

At  research  of  some  physical  properties  of  ‘the 
melts  in  temperature  interval  three  interesting 
features  a  polyterm  of  these  properties  are 
established. 

1.  Sometimes  anomalies  or  even  jumps  are 
observed  on  polyterms  of  viscosity,  density, 
luminosity  at  the  certain  temperatures  . 

2.  At  heating  higher  than  the  certain  temperature 
and  cooling  of  liquid  alloys  the  hysteresis  of  the 
properties  polyterms  is  observed.  Hence  the  high- 
temperature  structural  state  of  a  melt  is  capable  to 
be  kept  long  time. 

3.  At  measurement  of  viscosity  of  the  melt  during 
isothermal  endurances  oscillatory  character  of 
change  of  this  property  is  observed.  Time  of  a 
relaxation  of  viscosity  values  is  changed  from 
several  minutes  till  several  hours.  Special 
experiences  have  shown,  that  one  of  reason  of  the 
instability  can  be  processes  of  slow  reorganization 
of  structure  of  liquid  alloys. 

This  information  is  rather  important  for  a  choice 
of  a  temperature  mode  of  a  fusion  of  multi- 
component  alloys  to  provide  a  maximum  level  of 
strength,  plasticity  and  other  service  properties. 
Optimization  of  a  temperature  mode  of  a  melt 
enables  to  save  power  resources. 

An  absence  of  the  data  on  temperature 
dependences  of  physical  properties  of  titanium 
alloys  can  be  explained  by  their  high  reactionary 
ability. 

Therefore  a  study  of  influence  of  overheating 
temperature  of  a  melt  on  structure  and  a  level  of 
properties  of  the  solidified  ingot  is  actual  task. 

Materials  and  technique  of  researches 

In-situ  titanium  base  composite  Ti-3Al-4Si-5Zr  is 
used  as  material  of  researches. 

An  electric  plasma-arc  furnace  is  used.  The 
melting  was  carried  out  in  copper  cold  wall 
crucible.  Temperature  of  a  melt  is  supervised  with 
the  help  the  W-Re  thermocouple.  The  melt  is 
poured  out  in  graphite  cylindrical  mould  after 


heating  to  the  given  temperature  and  endurance  at 
this  temperature  within  10  minutes.  In  total  9 
ingots  of  diameter  of  60  mm  in  height  of  120  mm 
was  melted  from  overheating  temperatures  in 
range  1510  -  2000  °C.  A  chemical  composition  of 
ingots  is  defined  by  spectral  analysis. 

Microstructural  researches  are  carried  out  on 
microscope  JENAPHOT  -  2000,  X-ray 

examinations  are  executed  with  help 
diffractometer  DRON-2,0  in  Cu  Ka-radiation. 
Distribution  of  alloying  elements  in  different 
phases  is  studied  on  X-ray  microanalyzer  MS-46 
CAMECA  by  methods  of  scanning  in  the  area  and 
on  a  line  and  at  quantitative  definition  by  dot 
method.  Volume  fractions  of  structural 
components  are  defined  on  microphotos  with 
quantitative  processing  of  images  with  the  help  of 
computer  software  Image  Expert. 

Measurements  of  hardness  of  alloys  is  carried  out 
on  Rockwell  device. 

Short-term  and  long  hot  hardness  are  defined  in 
interval  of  temperatures  25  -  900  °C. 

The  most  important  mechanical  characteristics  (a, 
E,  s)  were  determined  by  tests  for  four-dot  bend. 

Results  of  experiment  and  their  discussion 

Two  structural  constituents  are  fixed:  transformed 
primary  (3-dendrites  and  inter-dendritic  eutectic, 
including  titanium  silicides  and  transformed  (3  -Ti 
solid  solution. 

Primary  |3-dendrites  have  different  morphology  in 
dependence  of  their  localization  and  overheating 
temperatures.  In  a  superficial  layer  of  all  ingots  p  - 
dendrites  have  well  expressed  mutual 
perpendicular  branches.  These  dendrites  form  a 
columnar  zone  of  ingots.  They  are  nucleated  on  a 
surface  of  a  crucible  and  grew  in  a  radial  direction 
to  the  center  of  an  ingot.  The  second  type  of  P  - 
dendrites  are  lost  with  attributes  of  dendritic 
structure  and  turn  in  rounded  grains.  They  are 
localized  in  central  part  of  ingots.  It  is  necessary 
to  note  that  zones  with  both  structural  types  of 
dendrites  simultaneously  are  observed  quite  often. 
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The  eutectic  constituent  includes  three  structural 
types  of  eutectic:  quasieutectic  i.e.  eutectic  with 
superfine  differentiation  of  eutectic  phases  and  the 
common  chemical  composition  which  is 
distinguished  from  concentration  of  an 
equilibrium  eutectic  point;  eutectic  with  silicidc 
matrix  and  the  branched  P-phase  which  usually  is 
refered  as  ledeburite-1  ike;  eutectic  with  metallic  (P 
-Ti)  matrix  and  silicidc  branched  phase  submitted 
by  dendritic  branches  as  cores  or  plates.  It  is 
skeletal  type  eutectic. 

The  probability  of  formation  of  each  types  of 
primary  p-dendrites  and  eutectic  depends  on 
distance  of  the  given  micro-site  from  a  surface  of 
an  ingot  and  overheating  temperature  of  a  melt. 
With  approach  to  a  surface  of  an  ingot  the  volume 
fraction  of  P-dendrites  is  decreased.  The  maximal 
volume  fraction  of  P-dendrites  is  observed  in  an 
ingot,  solidified  after  overheating  up  to  2000  °C. 
and  the  minimal  one  after  overheating  up  to  1600 
°C.  Orthogonal  dendrites  have  eutectic  layer 
between  branches  of  approximately  identical 
thickness  while  in  sites  with  rounded  dendrites  the 
eutectic  is  distributed  more  non-uniformly. 

The  results  of  study  of  localization  of  structural 
constituents  show  that  more  favorable  distribution 
takes  place  in  ingots  solidified  after  overheating 
1600-1900  °C. 


only  by  influence  of  heat  reserved  by  liquid  metal, 
superheated  up  to  various  temperatures.  More 
suitable  the  following  hypothesis  is  represented. 
We  assume,  that  in  an  interval  of  temperatures  of 
overheating  of  the  melt  between  1510  and  1560 
°C  and  also  1940  and  2000  °C  there  are  the 
structural  reorganizations  of  a  liquid  phase 
connected  with  change  of  parameters  of  the  short- 
range  order  (coordination  numbers  and  radius  of 
coordination  spheres)  and  also  stoichiometry  of 
various  clusters.  According  to  modem 
representations  it  will  result  in  distinction  of 
microscopic  kinetics  of  nucleation  and  growth  of 
phase  constituents. 


Table  1. 


Temperature 

Mechanical  characteristics 

of  melt  ,°C 

E,  GPa 

<y,  MPa 

e,  % 

1560 

136,9 

1235 

... 

<0,1 

1600 

142,0 

1346 

0,10 

1740 

129,7 

1381 

0,20 

1750 

129.3 

1358 

0,12 

1900 

143,3 

1357 

0,10 

1940 

138,0 

1126 

0 

2000 

123,0 

1077 

0,01 

Conclusion 


Phase  composition  of  all  ingots  presented  by  the 
next  phases:  o.-Ti,  p-Ti.  Ti5Si3  and  metastable  Ti- 
Si  silicide.  The  probability  of  formation  of  TiSi  is 
increased  with  raising  of  overheating  temperature. 
The  given  data  allow  to  assume,  that  structure  of 
initial  melt  play  the  main  role  in  formation  of 
metastable  TiSi  silicidc.  Apparently  with  increase 
of  temperature  of  a  melt  a  probability  of  formation 
of  cluster  with  TiSi  stoichiometry  is  increased. 
The  TiSi  crystals  are  nucleated  on  the  basis  of 
them  and  then  grow. 

Hardness  HRC  grows  when  overheating 
temperature  is  increased.  The  influence  of  melt 
overheating  temperature  on  the  strength  and 
elastic  characteristics  is  given  in  Tabic  1. 

The  analysis  of  the  obtained  results  shows,  that 
the  maximal  values  of  durability  are  received  after 
overheating  temperatures  1740.  1750  and  1900°C. 
Nonlinear  dependence  of  structural  characteristics 
and  properties  of  ingots  on  melt  overheating 
temperature  does  not  allow  to  explain  their  change 


It  is  found  that  maximal  level  of  strength  is 
provided  with  choice  of  overheating  temperature 
of  a  melt  in  the  range  1600-1900  °C.  It  can  be 
explained  by  formation  of  the  best  structural 
characteristics  of  an  alloy:  fine-branched 
orthogonal  dendrites  of  P-Ti  solid  solution  and 
skeletal  eutectic  (p+TisSfO. 

Two  critical  overheating  temperature  intervals 
1510-1560  and  1940-2000  °C  are  found.  The 
ingots  which  arc  solidified  after  this  overheats  are 
characterized  by  extensive  zones  of  coarse  and 
very  coarse  P-dendrites  and  quasi-eutectics.  These 
structural  characteristics  drop  out  of  a  general 
structural  line,  which  characterizes  change 
structural  constituents  with  temperature  of 
overheating.  The  assumption  of  influence  of 
structural  reorganizations  in  a  liquid  alloy  at  these 
temperatures  on  kinetics  of  crystallization  is 
expressed. 
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HIGH-STRENGTH  ALUMINUM-BASED  ALLOYS 
HARDENED  BY  QUASICRYSTALLINE  NANOPARTICLES 

Lotsko  D.V.,  Milman  Yu.V.,  Miracle  D.B,(1),  Sirko  OX,  Yefimov  MX),  Bilous  A.M., 
Danylenko  M.I.,  Neikov  O.D.,  Voropayev  V.S. 

I.M.Frantsevych  Institute  for  Problems  of  Material  Science  of  NAS  of  Ukraine,  Kyyiv,  Ukraine 
(,)Air  Force  Research  Laboratory,  Materials  and  Manufacturing  Directorate,  Wright-Patterson,  USA 


Traditional  strengthening  mechanisms  for  Al 
alloys  developed  for  last  eight  decades  [1] 
permitted  to  obtain  the  upper  limit  of  tensile 
strength  Gf  to  660  MPa  in  sheets  [2],  In  our  investi¬ 
gations  this  level  was  increased  to  800  MPa  in  rods 
due  to  alloying  with  Sc.  Last  decade  by  a  group  of 
Japanese  scientists  headed  by  Prof.  A.Inoue  there 
were  proposed  new  high-strength  Al-based  alloys 
with  cif  to  about  1500  MPa  that  are  described  in 
reviews  [1,  3],  For  hardening  these  alloys  the 
nonequilibrium  phase  effects  (the  creation  of 
nonperiodic  structures  in  particular)  were  used. 
The  latter  included  amorphous  and  quasicrystalline 
icosahedral  phases  (I-phases).  Maximum  crr  was 
obtained  in  melt-spun  ribbons.  In  bulk  materials 
with  I-phase  produced  from  argon-atomized 
powders  Gf  was  to  850  MPa  in  combination  with 
the  elongation  5  ~  10  %.  Last  two  years  some 
works  of  German  [4]  and  Romanian  [5]  scientists 
in  this  subject  were  published. 

High  strength  and  good  ductility  in  Al  alloys 
with  I-phase  are  expected,  when  the  I-phase  is  in 
the  state  of  uniformly  distributed  nanosize  particles 
of  spherical  morphology.  It  is  caused  by  a  special 
deformation  mechanism  of  the  I-phase  [3]:  a  room 
temperature  deformation  is  connected  with  the 
formation  of  approximant  crystalline  phases  on  a 
subnanoscale  that  takes  place  in  phason  defects. 
The  formation  of  these  phases  is  as  a  rule 
accompanied  by  changing  the  chemical  composi¬ 
tion  provided  by  diffusion  from  a-Al  matrix.  The 
refinement  of  I-phase  particles  to  nanoscale  size  in 
Al-rich  alloys  introduces  a  high  density  of  phason 
defects  to  the  I-phase  and  facilitates  alloy  ductility. 

High-strength  Al+I  alloys  were  produced  on 
the  base  of  the  systems  Al-R-EM  and  Al-R-LM, 
where  R  =  rare-earth  metals,  EM  =  Ti,  Zr,  Hf,  Nb, 
Ta,  Cr,  Mo,  W,  and  LM  =  Mn,  Fe,  Co,  Ni,  Cu,  in 
Al-rich  composition  range  above  92  at.  %  Al. 
Elevated  temperature  alloys  were  developed  on  the 
base  of  Al-Fe-Ti-M  systems  with  M  =  Cr,  V,  Mn 
[1,  3,  6].  An  alloy  Al93Fe3Cr2Ti2  appeared  the  best. 
Its  cjf  at  300  °C  was  350  MPa,  which  exceeds  the 
air-force  goal  level  and  did  not  change  after 
annealing  the  sample  at  300  °C  for  1000  h  [1]. 


Hardening  by  I-pase  nanoparticles  was  found  also 
in  maraging  steels  [7], 

We  studied  structure  and  mechanical 
properties  of  rapidly  quenched  alloys  of  Al-Fe-Cr- 
Ti  system  with  additional  alloying  with  Zr  and  Sc. 
The  investigation  was  earned  out  with  melt-spun 
ribbons  and  powder  alloys.  Powders  were 
produced  by  an  original  water-atomization 
technique  developed  in  the  IPMS.  In  ribbons 
ALAYGyTi;/  of  25  pm  in  thickness  and 
Al92.8Fe3Cr2Ti2Sco.2  of  45  pm  in  thickness  we 
obtained  I-phase  particles  of  15-50  nm  in  size  (Fig. 
1). 


Figure  1.  Quasicrystalline  particles  in 
Al93Fe3Cr2Ti2  melt-spun  ribbon,  dark  field  image 

In  addition  we  manufactured  the  ribbon 
AlS4.2Fe7Cr6.3Ti2.5  that  according  to  [6]  shall  be 
almost  completely  quasicrystalline  (Fig.  2). 


a  b 

Figure  2.  Structure,  dark  field  image  (a)  and 
electron  diffraction  pattern  of  5-fold  symmetry  (b) 
of  a  particle  in  Al84  2Fe7Cr6.3Ti2.5  ribbon 

Experiments  with  ribbon  annealing  have 
shown  (Fig.  3)  that  ribbon  hardness  remains 
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practically  unchanged  after  annealing  at  400  °C.  A 
drop  of  hardness  after  annealing  at  higher 
temperatures  is  caused  by  vanishing  the  I-phase 
and  appearing  crystalline  intermetallics  (Al23Ti9 
and  Al13(Cr,Fe)2)  accompanied  by  their 
coagulation. 


Figure  3.  Change  of  hardness  of  AlFeCrTi(Sc) 
ribbons  after  annealing  for  1  h 

X-ray  investigation  confirmed  a  high  level  of 
phonon  and  phason  distortions  in  small  I-phase 
particles  that  were  higher  than  in  purely 
quasicrystalline  ribbon  5  and  2  times  respectively. 
It  provided  about  1  %  of  plastic  strain  while  ribbon 
bending.  In  the  ribbon  A^Fec^Cr^  (ribbon  4)  I- 
phase  particles  were  of  100-700  nm  in  size,  and  its 
hardness  was  as  low  as  1200  MPa. 

For  producing  powder  alloys  we  used  powder 
fractions  1:  (-  63)  pm  and  2:  (63-100)  pm.  For 
powders  of  Al93Fe3Cr2Ti2  and  Al92  8Fe3Cr2Ti2Sco.2 
alloys  in  both  of  them  together  with  I-phase  a  large 
amount  of  Al23Ti9  intermetallic  was  revealed,  a 
small  changing  of  composition  permitted  to  obtain 
powders  with  only  icosahedral  second  phase 
(alloys  #3-8  in  Table).  To  preserve  I-phase  it  was 
necessary  to  carry  out  powder  consolidation  at 
temperatures  not  exceeding  400  °C  (see  Fig.  3).  In 
alloys  except  6  powder  billets  were  degassed  and 
vacuum  forged  at  400  °C,  but  their  extrusion  to 
rods  of  9  mm  in  diameter  (extrusion  ratio  7.7)  was 
possible  only  after  heating  the  die  to  500  °C  and 
the  billet  to  400  °C.  Alloy  6  was  extruded  in  an 
evacuated  aluminum  capsule  without  forging  with 
heating  to  420  °C  both  die  and  billet.  The  rod  9 
was  produced  by  consolidation  of  crushed  ribbon. 
Samples  from  rods  with  gauge  diameter  of  3  mm 
were  tested  in  an  Instron-type  machine  at  a  strain 
rate  of  1 0'3  s'1. 

I-phase  was  preserved  only  in  the  rod  6  (of  70- 
200  nm  in  size).  In  other  rods  including  rod  9 
crystalline  intermetallics  were  formed  to  400  nm  in 
size.  Rods  were  also  distinguished  by  very  small 
grain  size  of  a-AI  matrix  -  less  than  1  pm. 


Evidently,  the  existence  of  small  I-phase 
particles  in  powders  facilitated  the  formation  of 
small  uniformly  distributed  intermetallic  particles 
while  thermomechanical  treatment  at  temperatures 
exceeding  the  temperature  of  quasicrystal  stability. 

Thus,  A1  alloys  from  water-atomized  powders 
hardened  by  fine  quasicrystalline  particles  or 
intermetallic  particles  formed  on  their  base  can 
have  strength  higher  than  300  MPa  at  300  °C. 
Note  that  Sc  and  Zr  increased  the  elevated 
temperature  strength  of  powder  alloys. 


Table.  Composition  and  tensile  mechanical 
properties  of  rods  from  powder  alloys 


# 

Composition 

T, 

°C 

<3(3.2, 

MPa 

Ou> 

MPa 

5, 

% 

1 

Al93Fe3Cr2Ti2 

20 

538 

574 

1.0 

2 

Al92.8Fe3Cr2Ti2Sco.2 

520 

567 

0.7 

3 

Al93.4Fe2.6Cr2gTii  2 

469 

561 

5.1 

4 

Al93.7Fe2.6Cr2.8Tio.6Zr0  3 

- 

536 

0.1 

5 

-  “  -  fraction  2 

- 

539 

0.2 

6 

-  “  -  fraction  2, 
extmsion  in  capsule 

618 

649 

0.6 

7 

Al93Fe2  6Cr2gTii  2Zro.4 

- 

627 

0.1 

8 

Al94.7Fe2.6Cr2.7 

398 

459 

11 

9 

Al93Fe3Cr2Ti2, 
extruded  ribbon 

- 

449 

0 

1 

Al93Fe3Cr2Ti2 

300 

255 

294 

2.5 

2 

Al92.8Fe3Cr2Ti2Sco.2 

271 

315 

2.9 

3 

Al93.4Fe2.6Cr2.8Tii.2 

269 

313 

2.7 

4 

Al93.7Fe2.6Cr2.8Tio.6Zr0..3 

313 

343 

1.5 

5 

-  “  -  fraction  2 

297 

328 

1.5 

6 

-  “  -  fraction  2, 
extmsion  in  capsule 

274 

303 

1.9 

8 

Al94.7Fe2.6Cr2.7 

221 

247 

3.1 

9 

Al93Fe3Cr2Ti2, 
extruded  ribbon 

321 

360 

1.7 
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Successful  technical  applications  of  titanium  and  its 
alloys  as  structural  materials  became  possible  due  to 
their  high  specific  strength  and  high  plasticity,  which 
are  not  decreasing  at  cryogenic  temperatures  owing  to 
propitious  peculiarities  of  plastic  deformation 
mechanisms  of  titanium.  Using  of  severe  plastic 
deformation  through  Ecual  Channel  Angular  Pressing 
(ECAP)  and  the  additional  thermo-mechanical 
treatment  made  possible  to  obtain  in  the  Institute  of 
Physics  of  Advanced  Materials  (Ufa,  Russia)  nano- 
structured  (NS)  states  (with  the  100  nm  average  grain 
size)  of  bulk  commercially  pure  Ti  VT-1-0  [1].  So 
small  grain  dimension  allowed  hoping  for  essential 
increasing  of  mechanical  characteristics  in  comparison 
with  a  usual  polycrystalline  state  of  Ti. 

This  short  report  presents  experimental  data 
evidencing  a  high  strength  state  of  the  bulk  NS  VT-1-0 
Ti  at  the  ambient  and  cryogenic  temperatures  and  its 
sufficient  plasticity  resource. 

Deformation  and  failure  of  titanium  have  been 
studied  in  three  structural  states:  State  1  -  the 
average  grain  size  is  1 5  □  -  the  initial  state.  State  2 
-  the  average  grain  size  is  0.3  □  -processed  by 
intensive  plastic  deformation  through  8  runs  of 
ECAP.  State  3  -  the  average  grain  size  is  0.1  □  - 
processed  by  8  runs  of  ECAP  followed  by  75  % 
strain  cold  rolling  and  subsequent  annealing  at  300 
C  during  1  hour. 

Mechanical  characteristics  were  studied  under  a 
uniaxial  compression  with  the  -4T0'4  s4  strain  -  rate 
with  a  10  kN/mm  stiffness  testing  machine  at 
temperatures  300,  77  (in  liquid  nitrogen)  and  4,2  K 
(in  the  liquid  helium  4).  Samples  for  compression 
were  rectangular  prisms  2x2x7  mm  cut  by  electro¬ 
erosion.  An  accuracy  of  the  stress  measurements 
was  ±  3  MPa  and  that  of  the  strain  measurements 
was  ±  1  %. 

Measurements  were  carried  out  for  specimens  cut 
along  (||)  and  across  (1)  the  ECAP  axis.  Measured 
mechanical  characteristics:  a  “stress-strain”  curve 
“as”,  the  conventional  yield  stress  ay  (determined 
by  the  method  of  intersection  of  tangents  to  the 
deformation  curve  at  its  initial  part),  the  ultimate 
plastic  strain  before  failure  and  a  failure  mode  - 


found  by  data  averaging  for  3-5  tested  specimens  of 
each  kind.  Morphology  of  the  failure  surfaces  was 
usually  studied  by  the  TESLA  BS-300  scanning 
electron  microscope. 

Deformation  curves  “as”,  of  the  bulk  NS-Ti  are  of 
a  staged  character,  as  distinct  from  a  “parabolic” 
one,  which  is  typical  of  ordinary  polycrystals.  This 
may  be  a  consequence  of  a  discrete  mode  of  plastic 
deformation,  typical  of  NS-state  [2],  which  is  caused 
by  difficulty  of  cross-slip  (due  to  the  small  grain 
dimension  or  due  to  a  grain-boundary  type  of  mobile 
dislocations). 

Conventional  yield  stresses  By  of  bulk  Ti  at  300,  77, 
4,2  K  for  the  three  available  structural  states  (with 
the  different  average  grain  size  d)  under  the 
compression  parallel  (||)  or  perpendicular  (1)  to  the 
specimens  axis  for  initial  and  NS-Ti  are  given  in  the 
Table  1  (it  is  worth  noting  that  Dy  of  initial  Ti  are  in 
good  accordance  with  literature  data  [3]). 

Table  1.  Conventional  yield  stresses  Ly  of  bulk  Ti  at 
300,  77,  4,2  K  for  the  three  available  structural  states 
(with  the  different  average  grain  size  d)  under  the 
compression  parallel  (||)  or  perpendi-cular  (_L)  to  the 
specimens  axis  for  studied  titanium. 


State 

Axis 

orientati¬ 

on 

□y ,  GPa 

300  K 

77  K 

4.2  K 

1, 

rf=15D 

II 

0.44 

0.78 

0.97 

1 

0.50 

0.90 

1.03 

2 

rf=0.3  □ 

II 

0.65 

0.87 

1.24 

1 

0.87 

1.33 

1.47 

3 

rf=0.1D 

II 

1.00 

1.32 

1.67 

1 

1.14 

1.55 

1.79 

It  is  seen  that  By  values  of  bulk  NS-Ti  are 
substantially  higher  than  for  initial  state  1 .  At  300  K 
(even  under  straining  parallel  to  the  ECAP  axis)  the 
□j,  value  in  the  state  3  (~1,  1  GPa)  is  more  than 
twice  exceeds  Dy  of  initial  titanium.  At  77  K  (nr  = 
1,3  GPa)  and  at  4,2  K  (Dy=l,7  GPa)  it  is  almost  1,7 
times  larger.  These  values  achieve  of  the  VT-6 
alloy  (~0.9  GPa  at  300  K,  1.4  GPa  at  77K,  1.6  GPa 
at  4.2  K  [3]). 
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Ultimate  plasticity  "j „/  before  failure  in  bulk  NS-Ti 
is  rather  high  and  comparable  with  that  of  the 
coarse-grained  rod-like  Ti  at  a  uniaxial  tension  (18- 
20%  at  the  state  of  supply  [4])  .  Even  in  the  least 
ductile  state  3,  at  4.2  K  it  is  equal  to  12%  for  (||)  and 
4.3%  for  the  (1)  orientations.  This  evidences  that 
cold  brittleness  is  absent  in  the  bulk  NS-Ti  obtained 
through  ECAP.  It  can  be  considered  as  a  potential 
structural  material  with  a  high  specific  strength,  for 
engineering  applications  at  cryogenic  temperatures. 

Explanation  of  unusual  mechanical  behavior  of 
nanostructured  titanium  at  low  temperatures,  and 
possibility  of  prognosis  of  its  mechanical  properties 
demand  knowledge  of  microscopic  mechanisms  of 
its  low  temperature  deformation. 

It  is  known  that  low  temperature  deformation  in 
polycrystalline  titanium  realizes  by  intra-granular 
slip  and  twinning  [4],  In  nanostructured  Ti  twinning 
in  grains  is  suppressed  because  grains  dimensions 
are  smaller  than  dimensions  of  the  critical  nuclei  of 
twins.  Therefore  only  intragranular  slip  is  possible  in 
nanostructured  titanium.  Besides,  a  possibility  of 
itergranular  slip  (grain-boundary  sliding)  supposed 
possible  in  nanostructured  titanium. 

Direct  experimental  observations  of  grain  boundary 
sliding  in  nanostructured  Ti  at  low  temperatures  are 
not  yet  available.  But  some  indirect  indications  exist 
about  such  possibility. 

Discovering  of  the  ductile  shear  failure  mode 
(catastrophic  slipping-off  of  one  part  of  a  specimen 
relative  to  another)  [5]  under  the  low  temperatures 
compression  (with  the  4-lCrV1  strain-rate)  of  the 
nanostructured  Ti  can  be  considered  as  the  most 
important  indirect  indication. 

Similarly  to  bulk  metallic  glasses  [6]  such  slipping- 
off  is  accompanied  by  extreme  local  adiabatic 
heating  along  the  failure  surface  up  to  more  than  882 
C  that  is  evidenced  by  the  “vein”  pattern  [5],  It  is 
caused  by  the  high  failure  stress,  near  sound  velocity 
of  plastic  shear,  the  small  thermal  conductivity  of 
titanium.  Preliminary  qualitative  theoretical 
consideration  of  the  process  allows  concluding  [5] 
that  at  large  plastic  deformations  of  nanostructured 
titanium  unstable  localized  grain  boundary  sliding 
must  extend  macroscopically  by  the  high-speed 
motion  of  grain  boundary  dislocations. 

Another  indirect  indication  of  grain  boundary  sliding 
can  be  a  small  value  of  the  SD-effect  that  may  be 
explained  by  small  Burgers  vectors  of  grain 
boundary  dislocations  [7]. 


In  explanations  of  low  temperature  anomalies  of  the 
NS-Ti  also  an  internally  stressed  state  of 
nanostructured  titanium  processed  by  ECAP  must  be 
taken  into  consideration  as  well  as  its  modification 
by  the  thermal  anisotropy  internal  microstresses 
(spreading  through  each  grain).  These  latter  ones 
arise  under  cooling  of  titanium  in  nanocrystalline  as 
well  as  in  polycrystalline  state  owing  to  the 
anisotropy  of  the  thermal  expansion  coefficient  of 
titanium  grains,  which  belongs  to  the  hexagonal 
symmetry  group. 

These  factors  allow  explaining  of  anomalies  of  the 
Hall-Petch  relations  in  the  nanostructured  titanium 
and  large  anisotropy  of  the  yield  stress  of  its  rods  at 
77  K  (see  Table  1). 

Further  thermal  activation  analysis  of  low 
temperature  plastic  deformation  of  the  nanostruc¬ 
tured  titanium  and  SEM  and  TEM  electron 
microscopy  observations  will  give  more  possibilities 
for  understanding  microscopic  mechanisms  of  low 
temperature  deformation  of  nanostructured  titanium. 

The  authors  would  like  to  thank  R.  Z.  Valiev  and  V.  V. 
Stolyarov  for  supplying  the  specimens  of  Ti  for  this 
study  and  for  very  fruitful  discussions  of  the  results. 

This  work  has  been  carried  out  with  a  partial  support 
of  the  INTAS-99-01741  and  INTAS-2001nano-320 
Projects. 

References 

1.  R.Z. Valiev,  R.  K.,  Islamgaliev,  I.V.  Alexand-rov, 
Bulk  nanostructured  materials  from  severe  plastic 
deformation.  Progress  in  Materials  Science  vol.  45, 
(2000)  pp.  103-  189. 

2.  A.  Vinogradov,  Scripta  Materialia,  vol.  39  (1998), 
p.p.  797-805. 

3.  V.N.Kovaleva,  V. A. Moskalenko,  Cryogenics,  vol. 

29  (1989)  p.p.  1002-1005. 

4.  R.  A.  Ul’yanov,  V.  A.  Moskalenko,  Metallo-graphy 
&  Thermal  Treatment  of  Metals,  Ns  10,  October  (1966) 
p.  p.  48-51  (in  Russian). 

5.  V.Z.  Bengus,  E.D.  Tabachnikova,  K.  Csach,  J.  Miskuf, 
V.V.  Stolyarov,  R.Z.  Valiev,  V.  Ocelik,  J.Th.M.  De 
Hosson,  in:  Science  of  Metastable  and  Nano-crystalline 
Alloys.  Structure,  Properties  and  Modelling,  Eds. 
A.R.Dinesen,  M.Eldrup  et  al.,  Riso  National  Laboratory, 
Roskilde,  Denmark  (2001)  pp.  217-222. 

6.  V.  Z.  Bengus,  E.  D.  Tabachnikova,  J.  Miskuf,  K. 
Csach,  V.  Ocelik,  W.  L.  Johnson,  V.  V.  Molokanov, 
Journal  of  Mater.  Science,  v.35  JVb  1 7,  (September 
2000) pp. 4449-4457. 

7.  E.  D.  Tabachnikova,  V.  Z.  Bengus,  V.V.  Stolyarov, 
G.  I.  Raab,  R.Z.  Valiev,  J.  Miskuf,  K.  Csach,  Mater. 
Sci.  Eng.  A,  v.  309-310  (2001)  pp.  524-527. 


374 


II.  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 

NEW  LEVEL  OF  PROPERTIES 


HIGHLY  EFFECTIVE  DISPERSION  STRENGTHENED  MATERIAL  BASED 
ON  COPPER  POWDER  OF  DISCOM®  TRADE  MARK  FOR  CURRENT 
REMOVING  INSERTS  OF  PANTOGRAPHS  OF  HIGH  SPEED  ELECTRIC 

TRAIN 


Shalunov  E.P.,  Lipatov  Ya.  M.,  Wendland  St.(1),  Shalunova  N.B. 

Scientific  and  Technological  Company  TECHMA  Ltd,  Chebokasry,  Russia 
(1)ROTECH  G.m.b.H.,  Miihlheim-an-der-Ruhr,  Germany 


The  most  important  element  of  the 
pantograph  current-collecting  device  of  electric 
trains  is  a  current-removing  insert  directly 
contacting  a  contact  wire  of  the  railway  electric 
net.  This  insert  is  supposed  to  remove  current  from 
the  contact  wire  and  direct  it  to  the  electric  drive  of 
the  train.  The  more  effective  the  current-removing 
insert  fulfils  its  functions,  the  more  efficiently 
electric  net  energy  is  used  by  the  electric  train.  But 
the  operating  efficiency  of  the  current-removing 
insert  itself  can  be  evaluated,  first  and  foremost, 
according  to  the  energy  loss  amount  at  it. 

It  is  evident,  that  the  higher  electrical 
conductivity  of  the  insert  material,  the  less  the  loss 
of  power  being  emitted  as  heat  is.  Since  power 
may  be  partially  lost  directly  in  the  contact 
between  the  contact  wire  and  the  current-removing 
insert,  then  transition  resistance  of  this  contact 
Rk  should  be  as  low  as  possible. 

From  the  experimental  formula  [1] 


Rk 


100%  —( —  + 
2  (_  sw 


where  %  and  ss  -  electrical  conductivity  in  % 
from  electrical  conductivity 
of  copper  (I ACS)  related  to 
materials  of  the  contact  wire 
of  the  mains  and  current- 
removing  insert; 

p0  -  specific  electrical  resistance  of  copper,  xlO  6 
Q-sm; 

Hs  -  contact  hardness  of  a  softer 
material  of  the  contact  pair, 
xlO6  g/  sm2; 

P  -  the  contact  effort,  g 

it  follows,  that  to  reduce  RK  it  is  necessary  that 
the  material  of  both  the  contact  wire  and  the 
current-removing  insert  should  be  of  the  highest 
electrical  conductivity  and  the  contact  hardness 

H s  of  the  softest  material  of  the  contact  pair  at  the 
same  contact  effort  P  should  be  the  highest. 


To  achieve  the  lowest  power  loss  in  the 
railway  electric  net  contact  wires  are  produced 
conventionally  from  copper  alloying  it  with  small 
additions  of  silver,  tin  and  other  elements.  Material 
hardness  of  such  wires  makes  up  80. ..  120  HB. 

As  regards  minimization  of  power  loss  as 
heat,  copper  also  could  be  the  best  material  for 
current  removing  inserts.  But  inserts  run  under  the 
condition  of  high  voltage  (from  1500  up  to 
25000  V)  and  strong  current  (from  700  up  to 
2800  A)  electric  contact,  sliding  at  that,  which  is 
accompanied  by  the  processes  of  sparking  and 
arcing  aggravating  due  to  rain,  snow  and  ice  on  the 
contact  wires. 

The  warming  caused  by  arc  and  friction  in 
the  contact  pair  is  added  to  self-warming  of  the 
current-removing  inserts  due  to  the  current  loss  in 
them  and  in  the  place  of  their  touching  with 
contact  wires.  The  temperature  on  current 
removing  inserts  at  electric  train  moving  at  the 
speed  of  up  to  120  km/h  can  reach  200...300°C, 
that  is  higher  than  copper  recrystallization 
temperature.  That  is  why  instead  of  pure  copper 
there  have  been  used  its  alloys  containing  alloying 
elements  such  as  Ni,  Fe,  Cr,  Zr  and  others.  For 
instance,  current  removing  inserts  made  of  bronze 
CuCrZr  are  applied  by  railways  of  Spain,  Italy  and 
other  states. 

To  cut  down  the  wear  of  contact  wires 
there  was  added  from  2  up  to  20%  of  graphite  to 
copper  alloys  produced  by  means  of  powder 
metallurgy  resulting  in  considerable  reduction  of 
hardness  and  electrical  conductivity  of  the  insert 
material  and  increasing  power  losses  in  it,  and  it 
also  caused  the  increase  of  wear  of  the  inserts 
themselves. 

As  the  speed  of  electric  train  movement 
increases  up  to  160... 250  km/h  the  temperature  of 
current  removing  inserts  exceeds  the 
recrystallization  temperature  of  the  best  heat 
resistant  bronze,  and  the  bronze  became 
unacceptable  for  application  in  the  current 
removing  inserts  of  high  speed  electric  trains. 
Sintered  materials  based  on  iron  saturated  with 
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lead  and  tin  alloy  and  even  materials  based  on 
carbon  became  substitutes  for  bronze.  The  former 
contains  lead  harmful  for  health,  and  the  latter 
possesses  electric  conductivity  0,04... 0,06%  IACS 
that  presupposes  power  consumption  increase  from 
electric  net  by  5...  10%  as  compared  with  copper 
inserts  [2],  Besides,  carbon  base  inserts  are  quickly 
worn  out  and  require  frequent  substitutes. 

Scientific  &  Technological  Company 
TECHMA  Ltd.  has  developed  a  new  highly 
effective  Oxide  and  Carbon  Dispersion 
Strengthened  material  (OCDS-Copper)  C  0/97  on 
copper  powder  base  of  Cu-Al-C-0  system  of 
DISCOM®  Trade  Mark  [3], 

The  basic  physical  and  mechanical 
characteristics  of  this  material  are  as  follows: 


Electrical  conductivity,  %  IACS . 88... 92 

Hardness . 70...74HRB 

Ultimate  tensile  strength,  N/mm2 . 410... 460 

Conditional  tensile  yield  limit,  N/mm2. ...350... 390 

Relative  elongation,  % . 20. .  .23 

Recrystallization  temperature,  °C . over  800 

Compression  ultimate 

strength,  N/mm2 . 1800...  2000 

Relative  compression  settling,  % . 63... 67 


After  having  been  heated  at  800°C  within 
1  hour  the  solidity  characteristics  of  the  material 
become  lower  not  more  than  by  10..  .15  %. 

Thanks  to  its  high  heat  resistance  and 
electrical  conductivity  the  material  developed  can 
be  applied  not  only  as  current  removing  inserts  of 
high  speed  electric  trains  (over  160  km/h),  but  also 
it  can  be  considered  as  a  wear  resistant  material  for 
contact  wires  of  the  electric  net  of  railways,  and  it 
can  also  be  applied  for  collector  stripes  and  current 
supplying  rings  of  tractive  electric  engines  of 
powerful  electric  locomotives. 

Current  removing  inserts  of  various  sizes 
are  manufactured  from  OCDS-Copper  C  0/97  of 
DISCOM®  Trade  Mark  by  means  of  technology  of 
mechanical  and  chemical  activation  of  the  initial 
powder  substance  in  attritors  and  hot  extrusion  of 
the  granulate  obtained  into  stripes;  such  inserts  are 
delivered  for  high  speed  electric  trains  (over  160 
km/h)  to  the  Italian  Railway  via  the  German  firm 
ROTECH  G.m.b.H. 

When  installing  into  a  pantograph  current¬ 
collecting  device,  a  graphite  insert  preventing  the 
contact  wire  from  wearing  is  fixed  between  the 
above  inserts.  In  case  when  the  collecting  device 
design  doesn’t  provide  for  an  additional  graphite 
insert,  a  current  removing  insert  itself  can  be  made 
as  “a  comb”,  the  space  between  the  cogs  of  the 


comb  being  filled  with  graphite.  The  insert  can  be 
also  made  as  a  package  of  alternating  stripes 
produced  from  OCDS-Copper  DISCOM®  C  0/97 
and  graphite. 

The  introduction  of  the  new  design  of 
current  collection  device  runners  to  the  Russian 
electric  trains  according  to  the  patent  of  PhD 
V.Berent  [4]  stipulating  the  application  of  a  spring- 
loaded  carbon  insert  between  current  removing 
inserts,  and  design  application  of  the  current 
removing  inserts  made  of  the  material  C  0/97 
DISCOM®  combined  will  make  it  possible  to  get 
an  ideal  design  of  the  electric  high  speed  train 
current  collecting  device  to  ensure  the  minimal 
wear  not  only  of  the  current  removing  inserts,  but 
also  of  the  contact  wire  and  to  cut  down  power 
consumption  in  the  railways  electric  net  by  5...  10 
%  as  compared  with  the  application  of  carbon- 
graphite  and  graphite  current  removing  inserts. 

Highly  effective  Oxide  and  Carbon 
Dispersion  Strengthened  composit  material  based 
on  copper  powder  (OCDS-Copper)  of  DISCOM® 
Trade  Mark  C  0/97  is  produced  in  accordance  with 
Technical  Requirements  of  the  Italian  Railway  FS 
305977  and  Technical  Requirements  TU  1479- 
002-13092819-2001  registered  by  State  Standard 
of  Russia  No.  002575. 

Sources  of  Information: 

1.  R.Holm.  Electric  Contacts.  Berlin:  Springer  - 

Verlag,  1958,  464p. 

2.  E.P.  Shalunov,  A.L.  Matrosov,  S.  Wendland. 

Railway  Transport  Energy  Saving  Due  to  the 
Application  of  Dispersion  Strengthened 
Composite  Material  of  DISCOM®  Trade  Mark 
in  its  Current  -  Collecting  Device.  -  In: 
Effective  Energy  Systems  and  New 
•  Technologies.  Proc.  1-th  Int.  Conf.  Kazan. 
December  4-6,  2001,  pp.  23-24. 

3.  E.P.  Shalunov,  V.A.  Dovydenkov,  V.S.  Simo¬ 

nov.  Anwendung  der  hocheffizienten 
dispersionsgeharteten  Werkstoffe  auf 
Pulverkupferbasis  in  den  Teilen  von  Motoren 
und  Kraftanlagen  der  Transportmittel.  -  In: 
Powder  Metallurgical  High  Performance 
Materials.  Proc.  15-th  Int.  Plansee  Seminar. 
Reutte/Tyrol,  Austria.  May  28  -  June  1,  2001, 
vol.  4,  pp. 126-149. 

4.  V.  Ya.  Berent,  Russia,  Patent  of  Russia 
No.  2112668,  MKI  6B  60L  5/08.  A  runner  of 
the  locomotive  current-collecting  device. 
Published  in  IB  10.06.98. 
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HIGH-STRENGH  RAPIDLY  SOLIDIFIED  P/M  ALUMINUM  ALLOYS 

Neikov  O.D.,  Milman  Yu.V.,  Sirko  A.I.,  Lotsko  D.V.,  Zakharova  N.P.,  Danylenko  M.I., 
Laptev  A.V.,  Patsyna  R.V.,  Tokhtuev  V.G.,  Voropaev  V.S.,  Samelyuk  A.V. 

I.M.Frantzevych  Institute  for  Problems  of  Materials  Science,  3  Krzhyzhanovsky  Str.,  03142  Kyiv, 

Ukraine 


The  strongest  wrought  aluminum  alloys 
developed  on  the  base  of  Al-Zn-Mg-Cu  system 
have  found  a  wide  application  in  various  fields  of 
engineering  [1-3],  The  present  paper  focuses  on 
the  effect  of  Sc,  Zr  and  other  TM  (transition  metal) 
alloying  additions  on  the  structure  and  mechanical 
properties  of  Al-Zn-Mg-Cu  alloys  manufactured 
by  P/M  technology.  Rapidly  solidified  powders 
produced  by  the  WA-N  process  of  high-pressure 
water  atomization  of  the  melt  [4]  were  used. 
Powder  size  fractions  of  (0-63)  pm  and  (63-100) 
pm  were  separated.  Powder  compacts,  cold 
pressed  to  about  30  %  porosity,  were  subjected  to 
hot  vacuum  dehydration.  On  completing  the 
degassing,  the  briquettes  were  consolidated  by 
vacuum  pulse  pressing  under  at  a  pressure  of  1 .0 
GPa  without  cooling  vacuum.  The  prepared 
preforms  were  extruded  at  a  temperature  of  400 
°C  to  produce  rods  of  6  mm  in  diameter  (extrusion 
ratio  X  =  17).  Rods  were  subjected  to  T6  heat 
treatment  (aging  at  1 20  °C  for  24  h  after  quenching 
from  465  °C). 

The  structure  of  powders  and  compacts  was 
studied  by  optical  metallography  (OM),  scanning 
and  transmission  electron  microscopy  (SEM  and 
TEM),  and  X-ray  diffraction  (XRD).  The  powder 
surface  and  microchemistry  were  examined  by 
(OM)  and  (SEM).  The  cooling  rate  while 
crystallization  v  was  estimated  from  the  dendritic 
parameter  d  according  to  the  empirical  formula 
d  =  Av",  where  A  =  100  and  n  =  0.41  [5],  Tensile 
strength  and  ductility  of  rods  were  determined  for 
samples  with  gauge  diameter  of  3  mm  tested  at  a 
deformation  rate  of  10'3  s'1.  The  ultimate  tensile 
(UTS)  and  yield  (YS)  strengths  were  determined, 
along  with  the  tensile  elongation  (EL).  High- 
alloyed  alloys  of  3  compositions  were  compared 
(Table  1). 


Table  1.  Chemical  composition  of  alloys 


Alloy 

44 

TT 

Content  of  elements,  wt.  % 

Zn  +  Mg  +  Cu 

Zr  +  Sc  +  Mn 

IP 

14.0 

- 

2P 

13.7 

1.5 

3P 

16.2 

1.5 

A  characteristic  dendritic  structure,  with  well 
developed  branches,  was  observed  in  powder 
particles  of  alloy  IP  (Fig.  1),  and  its  scale  became 
finer  with  the  decrease  of  grain  size,  evidently,  due 
to  the  difference  in  cooling  rates  while  particle 
formation.  In  alloys  with  (Sc  +  Zr)  additions  such 
structure  was  preserved  in  particles  smaller  than 
about  40-50  pm.  In  coarser  particles  subdendritic 
grains  were  observed  (Fig.  2a)  with  crystallization 
centers  containing  Sc  and  Zr  (Fig.  2b).  Small 
grains  of  about  4  pm  in  size  were  formed  in  this 
case.  This  structure  corresponded  to  the  estimated 
cooling  rate  of  about  4- SO3  s'1,  and  this  rate  seems 
to  be  limiting  for  the  precipitation  of  primary 
particles  while  melt  cooling.  For  particles  with 
dendrite  structure  the  estimated  cooling  rates  were 
in  the  interval  of  10J  -  105  s'1. 


Fig.  1  Structure  of  a  200  pm  powder  particle  of  the 
alloy  IP,  OM  image 

In  dendrite  and  subdendrite  boundaries  inside 
of  powder  particles  X-ray  spectral  microanalysis 
revealed  a  net  of  layers  with  an  increased 
concentration  of  the  main  alloying  elements  Zn, 
Mg  and  Cu  (Fig.2b).  Evidently,  the  are  eutectic 
layers  [2],  and  our  experiment  shows  that  their 
formation  cannot  be  retarded  by  cooling  rates  on 
the  level  of  105  s'1. 

In  extruded  rods  in  T6  condition  these  layers 
transformed  to  particles  of  0.4-1. 5  pm  in  size  that 
were  distributed  rather  uniformly.  XRD 
investigation  of  these  rods  reveals  the  availability 
of  MgZn2  and  T-phases  [2]  that  practically 
vanished  after  prolonged  annealing  (to  99  h)  at 
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1 20  CC.  These  particles  shall  give  a  very  small 
contribution  to  alloy  hardening. 

y 

m 


Figure  2. Microstructure  and  composition 
of  a  panicle  of  100  pm  in  size  in  2P  alloy  powder: 
a--  SEIM  photo  in  COMPO  condition; 
b  -  changing  the  intensity  of  element  spectral 
lines  along  the  secant 

The  room-temperature  mechanical  properties 
for  P/M  rods  of  alloys  under  investigation  arc 
summarized  in  Table  1 . 


Table  2.  Mechanical  properties  of  P/M  rods 
06  mm  in  T6  condition 


Alloy  !  Powder 
#  |  fraction, 

.  J  Pm 

I-IV, 

MPa 

YS, 

MPa 

uts7 

MPa 

El,  ! 
% 

IP  }  63-100 

742 

763 

~3J~ 

2P  |  63-100 

2325 

717 

779 

3.2 

3P  j  0-63 

2350 

774 

816 

3.4 

The  main  hardening  agent  in  alloys  based  on 
Al-Zn-Mg  and  Al-Zn-Mg-Cu  systems  in  T6 
condition  is  the  metastable  r] '-phase  that 
precipitates  during  aging  in  the  form  of  very  small 
(to  10  nm  in  size)  secondary  dispersoids, 
coherently  bound  with  the  matrix  [2,  6],  Such 
particles  in  our  case  are  shown  in  Fig.  3a.  The 
second  hardening  agent  is  a  polygonal  cellular 


structure  with  cell  size  less  than  1  pm  that  was 
observed  by  TEM  in  all  P/M  alloys.  Evidently, 
recrystallization  in  P/M  alloys  is  retarded  by  oxide 
films  from  particle  boundaries.  Both  of  these 
factors  form  hardening  in  the  rod  1 P.  As  seen  from 
Table  2,  alloying  with  Sc  and  Zr  changed  the 
mechanical  properties  insignificantly,  in  spite  of 
the  presence  of  Mn  that  shall  give  a  solid  solution 
hardening  [2],  Coherent  Al;(SC|.xZrx)  intermctal- 
lics  (Fig.  3b)  evidently  make  a  contribution  to  rod 
strength,  but  Sc  somewhat  increases  particle  size  of 
the  V) '-phase  [6],  and  the  results  may  compensate 
each  other.  In  this  case  Sc  additions  arc  useful  to 
improve  some  other  properties,  e.g.  corrosion 
resistance.  Strength  characteristics  of  the  rod  3P 
arc  increased  (Table  2)  mainly  by  the  increased 
amount  of  the  p '-phase  due  to  a  higher  content  of 
Zn.  Note  that  using  the  smallest  powder  fraction 
permitted  to  obtain  in  this  P/M  rod  the 
plasticity  higher  than  3  %. 


a  b 

Figure  3.  Secondary  dispersoids  in  the  P/M  rod 
of  2P  alloy  in  T6  condition,  TEM,  dark  field  image 
formed  by  particle  reflections:  p'-parlicles  (a)  and 
Al.i(Sc|.xZrx)  particles  (b) 

The  work  was  partially  financed  by  STCU 
(project  P061). 
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The  experience  of  powder  metallurgy 
development  in  recent  decades  points  out  the 
forcing  tend  to  use  of  external  actions  for  the 
formation  of  structure  and  properties  of  sintered 
materials.  Thermal -mechanical  actions  are  related 
to  such  ones  that  enable  to  produce  an  effect  on 
materials  by  the  way  of  variation  of  such  factors  as 
temperature,  rate,  character,  and  type  of 
mechanical  loading.  The  use  of  the  materials 
thermal-mechanical  processing  enables  to 
diminish  the  problems  connected  with  features  of 
mesostructure  imperfections  in  porous  media 
being  caused  by  random  particles  packing  on 
initial  stages  of  powder  technology  [1,  2].  In  this 
context  a  hot  impulse  pressing  has  to  be 
considered  as  one  of  effective  methods  for 
thermal-mechanical  treatment  of  porous  materials, 
and  it  creates  the  favorable  prerequisites  for  its  use 
in  cemented  carbides  processing.  The  results  of 
theoretical  and  experimental  study  of  hot  impulse 
pressing  in  vacuum  of  the  WC-Co  cemented 
carbides  are  sited  in  the  present  paper. 

The  hot  impulse  pressing  occurs  during  an  impact 
of  a  mass  M  with  initial  velocity  yq  on  deformable 
body  under  its  elastic  limit  is  described  by  a 
dynamic  second  order  differential  equation 

x  +  (r/M)x  +  (c/M)  =  0  ,  (1) 

and  beyond  the  elastic  limit  of  the  body-by  a  third 
order  equation  as  follows 

x  +  a3.V  +  a2i  +  at  =  0  .  (2) 


impact  machine;  cs  -  the  same  of  deformable 
body;  K  =  effective  bulk  elastic  modulus,  Z  = 
volumetric  viscosity,  dP/de  =  bulk  modulus  of 
strain  hardening,  S  =  cross-section  area,  and  ls  = 
deformable  body  length;  r  =  effective  viscous 


resistance  of  surrounding  medium  [3].  The  points 
over  the  variables  indicate  differentiation  in 
respect  to  time.  The  equation  (1)  corresponds  with 
an  autonomous  second  order  dynamic  system,  and 
equation  (2)  with  an  autonomous  third  order 
dynamic  system.  The  solution  of  the  second  order 
system  is  a  periodic  one  when  c/M>  r^-/(4M-).  As 
to  the  third  order  dynamic  system,  its  periodic 
solution  corresponds  with  small  and  large  the 
control  parameter  0x3,  and  in  the  intermediate  case 
the  solution  is  nonoscillating. 

The  experimental  study  of  hot  impulse 
pressing  is  earned  out  in  a  laboratory  vacuum 
impact  machine,  had  specially  designed  and  made 
for  this  purpose.  The  maximum  impact  energy  can 
be  reached  10  kJ,  collision  velocity  over  12  m/sec, 
and  temperature  up  to  1700  °C.  The  machine  has 
the  elastic  rigidity  of  347  MN/m.  and  the  reduced 
mass  of  105.5  kg  during  impact.  It  enables  to  treat 
preforms,  which  have  a  diameter  up  to  50  mm  and 
a  height  up  to  30  mm.  The  machine  has  a  strain- 
gauge  assembly  unit  for  oscillogram  recording  as 
well  as  frequency  module  for  registration  of  the 
initial  impact  velocity.  The  oscillogram  data 
processing  is  earned  out  in  a  computer  with  the 
programs  written  in  FORTRAN  programming 
language.  Integration  of  digitized  data  array  gives 
the  velocity  data  for  each  point  of  the  oscillogram, 
and  following  integration  of  the  array  obtained 
enables  to  compute  the  change  in  total  height  of 
the  mechanical  system,  height  of  its  elastic 
elements  as  well  as  height  of  deformable  body  vs. 
time.  Further  differentiation  of  the  table  data  of  the 
deformable  body  height  gives  the  values  of 
viccous  flow  rate,  being  needed  for  determination 
of  viscous  resistance  of  the  body  during  hot 
impulse  pressing.  The  letter  is  detennined  as  a 
ratio  of  force  (from  the  oscillogram)  to  the  viscous 
flow  rate  above. 

As  an  example,  the  Fig.  1  depicts  the 
experimental  oscillogram  that  represents  the 
inertial  force,  arising  as  a  result  of  dynamic  impact 
action  on  the  heated  preform  of  cemented  carbide, 
vs.  time.  The  time  dependence  of  change  in  the 
total  height  of  the  mechanical  system  (machine), 
the  height  of  elastic  elements  of  the  machine  and 
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deformable  body  (the  preforms  of  cemented 
carbide)  as  well  as  the  deformable  body  height  is 
shown  in  Fig.  2.  It  is  seen  that  the  change  in  the 
height  of  porous  deformable  body  gives  the  main 
contribution  into  the  total  elongation  of  the 
mechanical  system. 


F,  kN 


Figure  1 .  The  force  F  vs.  time  t  during  impulse  hot 
pressing  of  the  WC+15  mass  %  Co  cemented 
carbide  at  the  temperature  of  1050  °C  with  the 
initial  impact  velocity  of  9.35  m/sec. 


x,  mm 


Figure  2.  The  change  in  the  total  height  x  of  the 
system,  height  of  its  elastic  elements  xe,  and  height  of 
deformable  body  Ay  vs.  time  t  during  hot  impulse 
pressing  of  the  WC+15  mass  %  Co  cemented  carbide 
body  at  the  temperature  of  1050°C  with  the  initial 
impact  velocity  of  9. 35  nt/sec. 


£>,  kt+sec/m 


Figure  3.  The  viscous  resistance  b  of  the  WC+15 
mass  %  Co  cemented  carbide  body  at  the 


temperature  of  1050  °C  vs.  time  /  during  hot 
impulse  pressing. 

The  viscous  resistance  of  preform  is 
progressively  increased  as  its  height  is  decreased 
that  is  corresponds  with  a  general  dependence  of 
porous  body  bulk  viscosity  upon  its  relative 
density.  It  is  found  down  that  an  estimated  shear 
viscosity  of  the  matrix,  forming  porous  body,  is 
decreased  in  the  course  of  densification.  It  may  be 
caused  by  a  mechanic-thermal  effect  due  to 
energy  dissipation  in  deformable  body  as  well  as 
the  change  of  deformation  mechanism.  As  it 
follows  from  the  analysis  canned  out,  the  behavior 
of  the  cemented  carbide  preform  during  hot 
impulse  pressing  is  in  agreement  with  the 
dynamics  of  the  process. 

Comparison  of  the  data  for  mechanical 
properties  of  the  WC+20  mass  %  Co  hot-impulse- 
pressed  as  well  sintered  (in  vacuum)  specimens 
(Fig.  4)  shows  that  the  process  in  study  besides 
total  the  elevation  of  strength  enables  to  rise  a 
Weibull’s  modulus  of  the  cemented  carbides  that 
essentially  improves  their  operating  reliability. 


Figure  4.  The  Weibull  statistic  distribution  of 
transverse  rupture  strength  obnd  as  well  as 
compression  strength  acmp  for  sintered  (sint.)  and 
hot  impulse  compacted  (FIIC)  WC+20  mass  %  Co 
cemented  carbide;  m  is  a  WeibulFs  modulus. 
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The  need  of  an  industry  of  the  developed  countries 
in  abrasive  tools  from  superhard  materials  (SHM) 
continuously  increases.  For  last  10-20  years 
manufacture  of  abrasive  SHM  tools  on  ceramic 
bonds,  for  example,  in  the  countries  of  Europe,  has 
increased  in  3-5  times.  A  defined  complex  of 
properties  approached  to  demanded,  can  have  the 
composite  materials  on  glass  bond. 

The  properties  of  glass  materials  on  basis  of  two 
systems  are  investigated:  sodium-boron-silicate 
and  led-zinc-borate,  which  can  be  a  basis  of 
abrasive  tools  on  ceramic  bonds.  The  complex  of 
properties  describing  glass  as  binding  for  SHM  is 
investigated.  It  includes  temperature  of  sintering 
and  flowing,  chemical  activity,  wear  resistance, 
wetting  ability  and  adhesion  of  a  melt  of  a  glass  in 
relation  to  SHM  and  fillers,  durability  of  deduction 
of  SHM  in  glass  matrix,  crystallizing  ability, 
kinetics  of  sintering  of  glass  powders  and 
composites,  thermal  conductions,  mechanical  and 
other  properties. 

To  provide  for  a  demanded  level  of  interaction  of 
components  of  composites  and  their  high  aggregate 
stability  in  heterogeneous  melts  of  systems  "glass  - 
filler"  the  physico-chemical  and  technological 
aspects  of  interphase  adhesion  appearances  were 
investigated. 

The  regulation  of  properties  of  CBN-  and 
diamond-containing  composites  by  means  of  a 
modification  of  structure  of  glass  bonds  is  realized 
at  the  expense  of  use  of  glasses  of  various 
chemical  structure  or  modifying  them  by  oxides, 
use  of  fillers  of  various  functional  assigning,  and 
also  application  of  different  modes  of  manufacture 
of  composites. 

In  systems  "glass  -  SHM  -  filler"  the  materials 
possessing  new  properties  at  the  expense  of  use  of 
adhesion-active  to  SHM  and  fillers  of  glasses, 
described  by  the  increased  ability  to  moisten  and  to 
keep  grains  of  SHM,  and  also  distinguished  from 
known  by  high  wear  resistance  and  antiffictional 
properties  are  obtained. 


For  reaching  the  given  properties  of  glass- 
composite  binding  materials  a  traditional  process 
of  sintering  in  a  free  condition,  high-speed  low- 
temperature  process  of  thermoplastic  pressing  and 
“solution”  technology  are  used. 

The  diamond  tool  on  ceramic  bonds  has  found  a 
use  on  finishing  operations  of  machining  of  steel 
products  and  unmetal  materials,  and  tool  from 
CBN  -  at  grinding  and  honing  of  hardened  steel. 

Ceramic  bonds  are  applied  to  manufacture  of  the 
following  types  of  the  diamond  tool: 

-  The  grinding  instrument  for  sharpening  the 
cutting  instrument  from  hard-facing  alloys 
together  with  a  steel; 

-  Short-grained  bars  for  finishing  dimensional 
treatment  of  bearing  rollers  from  hardened 
steels; 

-  Blocks  -  bars  for  a  finish  machining  of  steel 
nicks  of  gear-wheels  of  hydraulic  pumps 
both  bent  shafts  of  tractor  and  automobile 
drives; 

-  Elastic  wheels  for  draft  and  fair  grinding  of 
non-metallic  materials  (glass,  ceramics,  self¬ 
colour  stones). 

The  instrument  from  CBN  has  recommended  itself 
on  operations  of  draft  and  fair  sharpening,  and  also 
operational  development  with  refrigeration  and 
without  it  of  hardened  intractable  steels.  Such 
instrument  effectively  works  at  outside  and  interior 
grinding,  and  also  honing  of  quenched  steel 
articles(workpieces).  The  instrument  ensures 
grinding  steels  with  productivity  600  mm3/minute 
and  more. 

The  serviceability  of  the  instrument  from  CBN  on 
ceramic  bonds  is  tested  at  treatment  of  cutting  tools 
from  steels  P6M5,  P9K5,  P9M4K8,  P120>3K10M3 
and  others  at  the  machine-building  plants  of 
Ukraine  and  other  countries  of  CIS,  and  also 
Poland,  Bulgaria  and  China. 
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The  high  hardness  of  amorphous  carbon  films 
(a-C)  is  usually  linked  to  the  presence  of  a  high 
percentage  of  sp3  bonds.  Such  films  are  called 
diamond-like  carbon  (DLC).  The  higher  the 
sp3/sp2  ratio,  the  harder  film.  Recently,  it  was 
shown  that  some  hard  films  contain  a  high  number 
of  sp2  bonds  [1].  The  structural  origin  of  the  very 
high  hardness  of  such  films  is  still  a  subject  of 
discussion  and  investigation. 

In  this  paper  we  attempt  to  find  the 
connection  between  the  hardness,  intrinsic  stress, 
and  structure  of  a-C  films  obtained  by  magnetron 
sputtering  of  carbon  by  varying  the  Ar  pressure, 
the  substrate  bias  and  gas  mixtures  of  Ar  +CH4  or 
Ar+02- 

The  substrate-target  distance  was  50  mm.  The 
total  working  gas  pressure  was  approximately 
0.17-2.8  Pa  for  a-C  and  0.17-0.5  Pa  for  a-C:H  and 
a-C:0  deposition.  The  discharge  power  was  varied 
from  300  to  960  W,  but  was  mainly  at  960  W.  Bias 
up  to  -150  V  was  induced  due  to  13.56  MHz 
power  source  applied  to  the  substrate  carrier. 
Substrates  were  not  specially  heated. 

The  film  thickness  was  approximately  1 .5  pm 
for  the  majority  of  films.  The  film  structure  was 
investigated  by  Raman  spectroscopy,  and  also  by 
transmission  electron  diffraction  (TED)  using  a 
filter  of  an  elastically  scattered  electrons. 
Electrical  resistivity  of  the  films  was  determined 
using  standard  four-point  probe  measurements. 
The  microhardness  measurements  were  earned  out 
on  a  Fisherscope  HI 00  apparatus  at  a  growing  load 
of  up  to  10  mN.  The  intrinsic  stresses  were 
calculated  using  Stoney’s  classical  equation.  Thick 
films  on  Si(lll)  substrates  (size  20x8x0.5  mm) 
were  used  for  measurement  of  the  microhardncss 
and  determination  of  the  intrinsic  stress.  Thin 
films  (30-60  nm)  were  prepared  on  KC1  substrates 
for  the  investigation  by  TED. 

Fig.  shows  a  strong  dependency  of  the 
microhardness  on  intrinsic  stress  for  all  the  thick 
(approx.  1.5pm)  a-C  and  a-C:H  films  obtained  at 
different  values  of  discharge  power  (300-900  W), 
Ar  or  AUCH4  pressure  (0.17-3.3  Pa)  and  negative 
substrate  bias  (from  0  up  to  -100  V).  The  higher 
intrinsic  stress,  the  harder  film.  The  decrease  in  Ar 


pressure  from  2.8  to  0.17  Pa  leads  to  an  increase  in 
the  microhardness  and  intrinsic  stress  and  an 
decrease  in  electrical  resistivity. 

Such  behavior  of  the  film  properties  could  be 
explained  by  an  decreasing  amount  of  absorbed 
gas 'on  the  boundaries  of  clusters  that  improves 
their  interconnection.  Note  that  at  low  Ar  pressure, 
when  the  mean  free  path  X  of  sputtered  C  atoms  is 
equal  or  larger  than  the  cathode-substrate  distance 
L,  the  energy  not  only  of  the  Ar  ions,  but  of  every 
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carbon  atom  arriving  at  the  substrate,  is  of  several 
eV.  This  is  already  sufficient  to  remove  (re¬ 
sputter)  the  gas  impurities  weakly  bound  to  the 
growing  film.  In  such  a  case,  the  value  of  the 
microhardness  can  be  approximately  25  GPa 
without  any  ion  bombardment.  A  decrease  in  X/L 
leads  to  a  reduction  in  the  average  energy  of 
condensing  C  atoms  and  as  a  result  to  a  decrease 
in  bonds  between  adjacent  clusters. 

Similar,  but  more  pronounced  changes  in 
microhardness,  intrinsic  stress  and  resistivity  are 
observed  when  even  a  small  amount  of  oxygen  or 
methane  is  added  to  the  argon.  It  has  been  shown 
on  our  1.5  pm  thick  carbon  films  (a-C,  a-C:0  and 
a-C:H)  that  with  increasing  of  negative  substrate 
bias  and/or  decreasing  of  O2  or  CH4  pressure,  the 
resistivity  decreases  with  simultaneous  increase  in 
the  microhardness  and  compressive  stress.  The  a-C 
films  condensed  under  ion  bombardment  at  the 
discharge  power  of  960  W  and  substrate  bias  of  - 
100  V  showed  the  highest  microhardness  of  50 
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GPa  and  the  lowest  resistivity  (0.01  -  0.05  Q  cm). 
The  same  result  was  achieved  by  decreasing  these 
values  to  300  W  and  -60  V  respectively.  This 
increase  in  microhardness  and  intrinsic  stress  and 
simultaneous  decrease  in  resistivity  to  very  low 
value  against  previous  cases  can  mainly  be 
explained  by  the  re-sputtering  of  weakly  bound 
gas  impurities  on  the  boundaries  of  clusters.  This 
leads  to  enhancement  of  the  contacts  between 
adjacent  clusters  and  a  decrease  in  the  electron 
scattering  on  numerous  cluster  boundaries.  In 
addition,  it  leads  to  an  increase  in  the  intrinsic 
stress  due  to  formation  of  the  dense,  incoherent 
boundaries  of  clusters.  An  increase  in  the  film 
hardness  can  be  caused  by  this  growth  process  and 
also  by  a  displacement  of  C  atoms  by  Ar  ions  into 
subsurface  positions. 

Thermal  annealing  of  the  hard  films  took 
place  in  vacuum  at  the  temperatures:  300,  500,  700 
and  820  °C  during  1  h  at  every  temperature.  After 
measuring,  the  same  set  of  samples  was  used  again 
for  the  next  annealing  cycle. 

After  annealing  in  vacuum  at  different 
temperatures  was  found  that  the  microhardness 
and  intrinsic  stress  of  the  hardest  a-C  film  do  not 
correlate  each  other.  The  annealing  up  to  500  °C 
leads  to  increasing  microhardness  (up  to  65  GPa) 
at  simultaneous  decreasing  intrinsic  stress  (from 
4.2  to  2.3  Gpa).  It  means  the  high  microhardness 
of  the  deposited  film  is  defined  not  only  by  the 
intrinsic  stress,  but  the  film  microstructure.  High 
level  of  the  intrinsic  stress  induced  by  ion 
subimplantation  during  film  growth  is  needed 
mainly  for  the  formation  of  the  dense 
nanostructure  with  strong  interaction  between 
atoms  at  the  gram  boundaries,  even  if  they  occupy 
incoherent  positions.  The  possible  sliding  along 
prime  planes  within  clusters  is  difficult,  due  to  the 
high  disordering  within  clusters  and  high 
compressive  stress,  which,  in  turn,  can  bind  these 
planes.  In  any  way,  if  such  sliding  is  possible,  it  is 
realized  partially  during  film  growth  under 
compressive  stress.  That  is  why  these  films 
demonstrate  not  only  the  high  hardness,  but  high 
elasticity  (80-90  %).  Further  annealing  of  the 
hardest  film  at  700  and  820  °C  leads  to  some 
decrease  in  the  microhardness,  however,  its  value 
remains  enough  high  (H~  40  GPa).  The  intrinsic 
stress  of  thick  a-C  film  does  not  relax  completely 


at  annealing  up  to  820  °C  as  it  was  observed  for 
ta-C  thin  ones.  It  indicates  strongly  compressed 
film  nanostructure  which  is  stable  up  to 
temperature  of  recrystallization  (>  900  °C). 

Microhardness  and  intrinsic  stress  are  closely 
related  to  the  film  structure.  The  density  of  the 
hardest  films  is  equal  to  2.2  2.4  g/cm3  and  close 

to  that  for  graphite  (2.26  g/cm3).  Raman  spectra 
from  these  films  show  asymmetrical  band  near 
1550  cm_l  that  indicates  the  presence  of 
considerable  number  of  sp2  bonds.  The  electron 
diffraction  patterns  from  thin  carbon  films, 
prepared  at  the  same  conditions  as  thick  hard  ones, 
contain  three  strong  visible  haloes.  The  first,  small 
angle  halo  appears  only  if  the  film  contains 
fragments  of  graphite-like  structure  and 
corresponds  to  the  diffraction  from  (002)  graphite 
planes.  It  was  shown  for  the  first  time  that  the 
interplane  distance  d0O2  could  be  shortened  down 
to  approximately  0.300  nm  in  the  hard  graphite¬ 
like  carbon  films  obtained  with  ion  bombardment. 
The  considerable  decrease  of  dqo2  can  be 
explained  by  the  highly  stressed  sp2  structure  of 
our  films.  Such  a  structure  was  observed  for  bulk 
graphite  under  high  pressure  (see  e.g.  [2]).  Also, 
we  have  developed  and  substantiated  a  simple 
procedure  using  the  transmission  electron 
diffraction  data  to  determine  whether  the 
amorphous  carbon  film  is  graphite-  or  diamond¬ 
like  [3].  This  procedure  is  based  on  the 
comparison  of  calculated  and  real  position  of  the 
maximum  of  the  third  halo.  For  our  films  this 
procedure  gave  the  same  first  coordination  sphere 
radius  as  for  graphite  independently  of  whether  the 
film  is  under  stress  or  not. 

Thus,  all  the  data  indicate  an  sp2  bonding 
configuration  of  the  hard  carbon  films  deposited. 

The  sp2  hard  carbon  films  presumably 
consist  of  cross-linked  randomly  oriented  dense 
clusters,  bonded  to  each  other  through  incoherent 
boundaries  on  which  high  stresses  are 
accumulated.  The  fewer  the  gas  impurities  on 
these  boundaries  are,  the  stronger  is  the  bonding 
between  the  clusters.  In  this  way  a  continuous 
rigid  network  is  formed.  The  high  compressive 
stress  can  result  in  the  strong  bonding  between  the 
cluster  boundaries,  on  which  a  small  concentration 
of  sp3  sites  may  be  occurring. 


[1] .  I.  Alexandrou,  H.-J.  Scheibe,  C.J.  Kiely,  et  ah,  Phys.  Rev.  B,  60  (1999)  10903. 
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[3] ,  V.  Kulikovsky,  K.  Metlov,  A.  Kurdyumov,  P.  Bohac  and  L.  Jastrabic,  Diamond  Relat.  Mater. 
2002),  to  be  published. 
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The  perspectives  of  development  of  various  branches 
of  modem  mechanical  engineering  depend  on  a  level 
of  development  and  introduction  of  new  ceramic 
constructional  materials  with  special  properties,  which 
could  provide  necessary  operational  reliability  of 
details  of  designs  and  be  characterized  by  a  complex 
of  the  given  properties  at  high  temperatures  1000- 
1500®C  and  above,  including  high  sizes  of  hardness 
and  wear  resistance,  durability  and  stability  to 
oxidation. 

The  problem  of  mechanical  properties  is  one  of  key  in 
a  general  problem  of  technical  ceramics,  as  the 
common  fault  -  their  fragility  in  a  wide  range  of 
temperatures  is  inherent  in  refractory  not  metal 
connections.  The  efforts  of  the  researchers  basically 
are  directed  on  overcoming  of  this  lack,  by  means  of 
development  of  principles  of  structural  designing  for 
increase  of  resistance  to  fragile  destruction.  Thus  the 
researchers  proceed  from  representations  about 
indissolubility  of  interrelation  of  all  elements  of  a 
sequence:  technology  -  structure  -  mechanical 
properties  -  operational  characteristics. 

In  this  connection  last  years  the  increased  interest  of 
the  researchers  to  study  nanosized  powders  is  observed 
on  the  zirconia  basis.  It  is  caused,  as  by  necessity  of 
expansion  of  existing  representations  about  a  structure 
and  properties  of  the  given  materials,  and  perspective 
of  their  use  for  the  qualitatively  new  appendices  in 
various  industries.  It  is  necessary  to  note,  that,  despite 
of  intensive  study,  structure  and  nanosized  powders 
phase  structure  especially  received  is  strong 
nonequilibrium  conditions,  are  investigated 
insufficiently.  As  modeling  system  Zr02-Yb2C>3  was 
chosen. 

In  work  the  representations  about  kinetic  of  zirconium 
allocation  from  a  solution  are  advanced  at  sol-gel 
synthesis  and  the  mathematical  model  of  the  given 
process  allowing  to  assume  law  crystallization  of 
stabilized  zirconia  powders  particles  (the  centers, 
stabilized,  of  particles  of  a  zirconia  powder  is  offered 
are  formed  in  one  stage  and  have  two  directions  of 
effective  growth).  Kinetic  of  phase  formation  is 
investigated  in  a  course  of  sol-gel  synthesis  of  zirconia 


particles  with  the  various  contents  of  ytterbia 
and  the  effect  of  gelation  time  on  the  average 
size  of  particles  is  established. 

The  mathematical  model  allowing  to  expect 
density  of  materials  from  with  various 
duration,  stabilized  is  created  achievable  at 
any  given  pressure  in  an  interval  0  -  2,5 
t/sm^  and  to  optimize  parameters  of 
processes  of  pressing  and  sintering.  The 
complex  researches  of  physical  and 
mechanical  properties  of  a  composite 
material  on  a  zirconia  nanosized  powders 
basis  are  executed.  The  given  researches 
have  allowed  to  determine  the  optimum 
contents  of  the  stabilizing  additive  ytterbia), 
which  there  were  equal  2%  appropriate  to  the 
maximal  importance  of  durability  (923 
MPa),  Kjc  (13,3  MPaxml/2)  and  hardness 
(16,7  GPa). 

The  unknown  laws  of  phase  formation  in 
process  of  sol-gel  synthesis  and  subsequent 
heat  treatment  in  system  Zr02-Yb2C>3  in 
process  of  crystallization  are  established 
earlier.  The  temperature  dependence  of 
durability  and  Kjq  of  a  composite  material 
of  optimum  structure  is  investigated:  the 
monotonous  decrease  of  durability  and  Kjc 
with  increase  of  temperature  is  established. 

The  scientific  results  of  work  have  allowed 
developing  technology  of  reception  of  a 
composite  material  and  coatings '  on  a 
zirconia  nanosized  powders  basis  with  high 
physical-mechanical  properties. 
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The  last  decade  has  seen  an  important 
development  that  drastically  changed  the 
status  of  nanostructural  materials  as  a  branch 
of  material  science.  Instead  of  being  exotic  and 
purely  descriptive  object  they  are  increasingly 
resorting  to  very  useful  and  carefully 
investigated  type  of  structure.  This 
achievement  owns  much  to  introduction  of 
nanostructural  materials  as  the  main  elements 
in  super-tiny  electronic  plates.  Undoubtedly, 
so-call  functional  materials  and  its  unique 
electromagnetic  properties  have  priority  in 
such  investigation.  The  wave  of  publication 
about  mechanical  behavior  for  this  class  of 
materials  immediately  followed,  too. 

Severe  plastic  deformation  is  more  preferable 
method,  which  gives  the  possibility  to  create 
nanocrystalline  structure  in  a  macroscopic 
volume.  Traditional  deformation  methods 
(elongation,  compression,  ruling,  draft  and  so 
on)  give  such  possibility  on  a  very  thin 
samples  (thin  foil  or  thin  wire).  In  the  last  case 
the  comparison  of  the  mechanical  properties  of 
the  materials  with  a  different  deformation 
degree  is  hindered  by  scale  effect.  The  creation 
of  new  high  deformation  methods  offers  ample 
scope  both  for  strain  hardening  theory  and  for 
deformed  materials  structure  engineering. 
Equal  canal  angel  pressyre  (ECA)  method  was 
created  by  Segal  et  al.  Simple  shift  uniform 
deformation  of  high  intensity  can  be  achieved 
on  a  macro  sample  15x15x150  mm  without 
exchanging  of  its  sizes.  Other  method  based  on 
the  deformation  by  twist  extrusion  (TE). 
scheme  was  proposed  by  Beygelsimer  et.  al. 
The  creation  of  shift  uniform  deformation 
without  sizes  exchanging  allows  to  carry  out 
repeated  deformed  treatment  in  the  different 
(or  the  same)  direction  of  deformation  and  as 
the  result  to  control  structure  formation 
process  under  high  deformation  degrees. 


AL-Mg-Sc  alloys  deformed  by  ECA  -  pressure 
method  demonstrate  the  record  value  of 
superplastic  deformation  2400%  when  speed 
of  deformation  10'3sec'’  is  usual  for 
superplasticity,  and  moreover  keep  the 
superplastic  ability  up  to  high  speed 
deformation  10‘‘-1  sec'1.  After  ECA  -  pressure 
deformation  titanium  has  maximum 
strengthening  (yield  point  is  800-900  MPa) 
that  improves  its  application  in  medical 
branch.  Extremely  high  fracture  toughness  in 
high  deformed  Fe-Armco  after  (ECA)  pressure 
was  obtained  in  our  previous  works. 

These  results  and  some  other  experimental 
data  demonstrate  high  ability  and  good 
perspective  of  severe  plastic  deformation 
methods.  But  achievement  of  high  strength  in 
deformed  materials  with  nanostructure  is 
essentially  more  complicate  task  then  it 
follows  from  microscopic  theory  of  strength. 
According  to  the  models  of  this  theory 
strength  of  materials  is  connected  with 
structural  size  dimension  by  Hall  -  Petch 
equation  cjt  =  cr0  +  Kyd'1/2  or  its  Holt  variation 
for  cells  materials  ctt  =  <r0  +  Kyd'1.  The 
extrapolation  to  nano  scale  of  grain  or  cell  size 
dimension  theoretically  predicts  a  very  high 
strength  of  nanocrystalline  materials.  But 
experimetal  results  demonstrate  essentially 
worse  situation.  A.  W.  Tompson  reviewed 
experimental  data  from  variety  of  investigation 
obtained  on  high  deformed  Fe  -  Armco  wires. 
In  this  graph  we  add  our  data  obtained  on  Fe  - 
Armco  deformed  by  (ECA)  pressure. 

Some  important  conclusion  about 
interconnection  between  structural  evolution 
and  strengthening  of  high  deformed  materials 
is  followed  from  these  results.  Firstly,  it  is  the 
change  of  strengthening  mechanism  from 
grain  size  sensitivity  (Hall  -  Petch  equation)  to 
cell  size  sensitivity  (Holt  equation)  at  critical 
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grain  size  d  <  0,4  pm.  Secondly,  it  is  the 
theoretical  possibility  to  obtain  super  high 
strengthening  in  nanocrystalline  Fe-  Armco.  It 
follows  from  experimental  data  (see  dashed 
line)  that  extrapolation  of  experimental  data  to 
nanostructure  sizes  (10  nm)  gives  the  value  of 
yield  point  for  such  material  approximately 
6000  MPa.  But  the  thread  conclusion  restricts 
such  possibility.  Difficulty  is  amplified  due  to 
the  fact  that  cells  or  subgrain  size  in  armco-Fe 
obtained  by  different  methods  of  severe  plastic 
deformation  (ruling,  draft,  EC-pressure),  can 
not  be  less  than  100  nm.  As  the  result,  the 
yield  point  for  such  material  is  only  1000 
MPa. 
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Institute  of  Solid  State  Physics  RAS,  Chemogolovka,  Russia 
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INTRODUCTION:  Scientists  and  technologists 
have  been  displaying  recently  an  active  interest- in 
aluminium-lithium  alloys  due  to  unique 
combination  of  their  properties,  namely,  an 
increased  elastic  modulus,  sufficiently  high 
strength  and  low  density.  Nowadays  much  work  is 
in  progress  aimed  at  improvement  of  properties  of 
these  alloys,  also  by  forming  in  them  nano-  and 
microcrystalline  structure  via  intensive  plastic 
deformation.  It  is  generally  acknowledged  herewith 
that  equal-channel  angular  pressing  (ECA-pressing) 
is  one  of  the  most  promising  methods  to  achieve 
the  goal.  In  this  work  precisely  this  method  was 
employed  for  the  formation  of  a  microcrystalline 
structure.  The  object  to  study  was  the  prospective 
lightest  (density  2.47  gxcm-3)  corrosion  resistant 
weldable  alloy  1420  (Al-5.5%Mg-2.2%Li- 

0.12%Zr).  It  is  superplastic  and  is  widely  used  to 
fabricate  workpieces  of  a  complicated  profile. 
Typical  characteristics  of  its  superplasticity  (SP) 
are  as  follows:  strain  to  failure  is  350%  and  the 
coefficient  of  strain  rate  sensitivity  of  stress  is  0.45 
at  a  strain  rate  of  5xl0~3  s-1  at  T=480°C  [1]. 

PROCEDURES,  RESTULTS  AND  DISCUSSION: 
The  rods  (20  mm  in  dia,  70  mm  in  length)  were 
produced  by  sequentially  ECA-pressing  the 
material  for  10  passes  at  370°C.  Structure  and 
phase  state  were  studied  by  an  electron  microscopy 
(JEM-100CX).  Three  sample  sections,  i.e.  normal 
to  the  rod  axis  and  two  mutually  perpendicular  and 
parallel  to  the  rod  axis  were  examined.  Flat 
samples  (0.85  mm  in  thick,  5  mm  in  gauge  length) 
to  be  tested  under  tension  in  Instron  machine  were 
prepared. 

The  investigations  showed.  Rods  demonstrated 
grained  structure.  About  50%  of  grains  measured 
from  0.5  to  3  pm,  grains  measuring  from  3  to  5  pm 
made  up  30-40%,  from  5  to  8  pm  -  10-20%. 
Normally,  the  grains  exhibited  subgrains  containing 
both  individual  dislocations  and  dislocation  cells 
and  tangles.  The  subgrain  misorientations  were  2- 
8°.  The  subgrain  boundaries  consisted  of 
dislocations.  Often  they  were  quite  regular 
dislocation  networks  and  single-row  walls.  They 


measured  from  0.3  to  2  pm,  depending  on  the  grain 
size.  Fractured  and  broken  subgrain  boundaries 
were  frequent.  Dislocation  motion  and  migration  of 
subgrain  boundaries  were  observable  when 
examining  the  structure.  In  individual  cases  bent 
extinction  contours  were  observed  that  is 
suggestive  of  the  occurrence  of  internal  stresses. 
The  rods  demonstrated  numerous  particles  of  the 
Al2LiMg  phase  of  various  sizes  and  configurations 
and  small  particles  of  the  5'  (Al3Li)  phase.  The 
formers  were  found  in  the  grain  and  subgrain 
interiors  and  at  their  boundaries  as  well  as  on 
dislocations.  In  the  latter  case  particles  were  small. 

The  diagrams  describing  the  connection  of  true 
stress  <7  with  true  strain  e  were  experimentally 
obtained.  They  showed  three  stages  of  plastic 
deformation.  The  first  one  was  rather  continuous 
stage  of  deformation  hardening.  The  second  stage 
was  characterized  by  constancy  cr.  The  third  one 
was  a  stage  of  monotonous  fall  of  cr  with  increase 
in  e  value.  This  stage  was  the  most  continuos  in 
true  strain  and,  consequently,  in  elongation.  To 
determine  the  true  strain  rates  in  these  stages  we 
obtained  a  dependence  of  e  on  e  using  the  same 
testing  conditions.  This  dependence  showed  that 
strain  rates  10"2  s“!  and  10“3  s_I  corresponded  to  the 
first  and  the  third  stages,  correspondingly.  The 
former  indicated  strain  rate  is  characteristic  for  SP 
deformation  (SPD)  at  the  expense  of  sliding  inside 
grains  [2],  The  last  indicated  strain  rate  is  typical 
for  SPD  of  fine-grained  materials,  when  SP  is 
conditioned  by  grain  boundary  sliding  [3,4]. 

Studies  of  the  dependence  of  deformation  up  to 
failure  on  the  initial  strain  rate  and  testing 
temperature  (7)  showed  that  the  range  of  365- 
400°C  and  e,„=1.7xl0“2  s'1  were  the  most  optimum 
to  attain  the  largest  strain.  The  greatest  value  of  the 
attained  elongation  was  1878%.  Note  (see 
Introduction)  that  this  alloy,  not  subjected  to  ECA- 
pressing,  exhibited  the  SP  elongation  (350%)  and 
its  SP  manifested  itself  at  a  much  higher 
temperature  (480°C)  and  a  noticeably  smaller  strain 
rate  (5xlO-3  s_1). 


387 


II.  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 
_ _ NEW  LEVEL  OF  PROPERTIES 


The  analysis  of  the  collected  experimental  data 
with  take  into  account  the  ones  presented  in 
literature  showed  that  the  connection  among  e,  cr 
and  T  can  be  well  described  by  the  known 
relationship: 

e  =  e0*  exp(-U/kT)  =  AcfT']  x  Exp(-U/kT),  (1) 

where  n  =  2,  and  U  -  activation  energy  of  SPD,  k  - 
Boltzmann  constant,  A  -  constant.  Estimation  of 
value  n  and  U  were  evaluated  using  standard 
techniques.  According  to  our  experiments  n  = 
2.235  and  U=  1.4  eV  in  the  first  stage  and  n  =  2.3 
and  U  =  0.98  eV  in  the  third  stage.  The 
experimental  values  n  coincide  with  rather  a  high 
accuracy  in  the  value  n  =  2  in  Eqn.  (1).  Using  these 
values  of  n  and  U  values  of  parameters 
e0-  5x1 010  s’1  arid  A  =  1.6xl06  K-mm^MPa'V 
were  calculated.  The  aforementioned  of  SPD 
activation  energy  value  of  U  =  1 .4  eV  corresponds 
to  self-diffusion  energy  (1.4  -  1.5  eV)  inside  of 
grain  [5].  The  value  of  U  =  0.98  eV  corresponds  to 
grain  boundary  self-diffusion  energy  Q,,p  =  W  +  Rgb 
=  0.99  eV,  where  W  =  0.8  eV  [5]  -  vacancy 
formation  energy  and  Rgh  -  0.19  eV  [6]  -  vacancy 
migration  energy  along  grain  boundaries  or 
dislocations  (pipe  diffusion).  The  obtained  different 
values  of  activation  energy  which  correspond  to  the 
first  and  third  stages  point  to  the  presence  of  plastic 
deformation  under  different  mechanisms  during 
these  stages.  Thus,  the  second  stage  is  a  transitory 
one  and  transforms  from  one  mechanism  to 
another. 

TEM  studies  were  carried  out  to  investigate 
structure  of  the  samples  subjected  to  tensile 
straining.  The  first  stage  shows  overall  continuous 
rearrangement  of  structure  with  domination  of 
hardening  processes  over  dynamic  recovery  ones, 
and  active  sliding  inside  grains.  As  a  result,  the 
grains  became  elongated  in  the  strain  direction. 
Elongation  of  grains  decreased  during  the 

deformation  in  the  third  stage.  As  a  result,  the 
grains  became  elongated  in  the  strain  direction. 
Elongation  of  grains  decreased  during  the 

deformation  in  the  third  stage.  By  the  end  of  the 
stage  grains  became  nearly  equiaxed.  Important 


circumstances  attract  attention  in  the  whole  stage: 
Absence  of  dislocations  in  many  grains  and  the 
presence  of  fine  Al2LiMg  particles  in  them  and  in 
grain  boundaries.  The  important  fact  is  also  that 
ALLiMg  particles  make  chains  in  grains  and 
situated  as  grain  boundary  profiles.  All  these  points 
to  continuous  and  overall  dynamic  recrystallization 
with  grain  boundary  sliding  and  migration.  One 
should  note  that  the  described  herewith  in 
agreement  with  aforesaid  activation  energies. 

CONCLUSION:  The  structure  and  mechanical 
behaviour  of  the  EC  A  pressed  1420  alloy  have 
been  studied  in  SP  conditions.  Three  stages  of  SPD 
have  been  shown.  The  data  showing  intra-grain 
sliding  during  the  hardening  stage  and  dynamic 
recrystallization  with  participation  of  grain 
boundary  sliding  and  migration  during  the  stage  of 
the  decrease  of  true  stress  have  been  obtained.  It 
has  been  shown  the  elongation  up  to  1878% 
corresponds  to  alloy,  and  n  «  2  and  m  «  0.45  for 
both  stages. 
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A  great  number  of  composite  materials 
on  the  base  of  boron  carbide  and  its  compounds 
for  different  applications  have  been  known. 
Among  these  are  the  B4C-MeB2  composites 
possessing  high  hardness,  wear  resistance, 
strength,  and  chemical  inertness. 

A  study  of  the  hard  phase  indicates  that 
the  formation  of  the  boride  proceeds  through  the 
stage  of  formation  of  the  corresponding  carbide. 
In  this  case,  its  further  interaction  with  boron 
carbide  proceeds  practically  under  the  conditions 
of  a  solid-state  reaction.  This  fact  was  used  in 
development  of  a  new  method  of  preparing  dense 
specimens  from  the  B4C-MeB2  composition  in  a 
wide  concentration  range.  It  provides  reaction 
sintering,  activates  the  interaction  of. mixture 
particles,  and  not  only  facilitates  the  conditions  of 
preparing  high-density  products,  but  also  makes  it 
possible  to  form  a  highly  disperse  structure  in 
them. 

In  the  present  work,  the  mechanism  of 
interaction  of  boron  carbide  with  carbides  of 
transition  metals  was  investigated,  the  regularities 
of  formation  of  the  boride  phase  were  elucidated, 
and  optimum  conditions  of  formation  of  the  fine 
crystalline  structure  of  the  materials  during 
reaction  sintering  under  conditions  of  high 
pressures  were  established. 

Hot  pressing  was  carried  out  in  graphite 
dies  on  a  laboratory  lever  press,  in  which  pressure 
was  maintained  constant  automatically.  The  mass 
of  powder  samples  was  fixed  and  was  controlled 
after  hot  pressing.  Temperature  was  recorded  with 
a  self-recording  optical  temperature  sensor  (with 
an  accuracy  of  ±20  °C) .  An  external  pressure  was 
applied  after  heating  up  to  a  set  temperature. 
Investigations  were  performed  in  the  temperature 
range  1700-2000  °C  under  pressures  from  5  to  15 
MPa  with  an  exposure  for  1-5  min  at  a  set 
temperature.  High  pressure  sintering  was  carried 
out  in  a  lens-type  pressure  chamber  with  a 
diameter  of  the  working  channel  of  6  mm. 
Heating  was  performed  by  passing  current 
through  a  graphite  heater. 


During  the  formation  of  boron  carbide 
by  the  reaction  B4C+MeB2  =  2MeB2+3C,  free 
carbon  precipitates,  which  decreases  significantly 
the  quality  of  the  composite  material.  In  order  to 
bind  free  carbon,  boron  and  boron  silicide  were 
added  to  the  mixtures. 

According  to  X-ray  phase  analysis, 
under  the  conditions  of  hot  pressing  and  high- 
pressure  sintering,  the  interaction  in  the  B4C- 
MeB2  system  proceeds  through  the  stages  of 
formation  of  lower  borides.  As  the  sintering 
temperature  and  the  exposure  time  are  increased 
under  constant  pressure,  the  reaction  proceeds 
more  completely.  However,  the  end  phase  MeB2 
forms  at  a  temperature  above  1800  °C.  As  the 
temperature  of  high-pressure  sintering  is  raised, 
the  diboride  content  increases.  According  to  our 
data,  the  reaction  proceeds  completely  at  a 
temperature  of  2000  °C  and  under  a  pressure  of  3 
GPa. 

An  increase  in  the  boron  content  of  the 
mixture  favors  the  formation  of  the  boride  phase. 
Boron  silicides  affect  most  essentially.  This  is 
likely  to  be  connected  with  their  decomposition  at 
temperatures  above  1420  °C  and  the  appearance 
of  reactive  boron  and  silicon  atoms.  After 
treatment  of  the  mixtures  with  the  participation  of 
B4Si  under  analogous  thermobaric  conditions, 
besides  boron  carbide,  in  the  end  product, 
diboride  of  the  corresponding  metal  and  silicon 
carbide  were  detected. 

According  to  metallographic  analysis 
data,  in  all  alloys,  boron  carbide  grains,  small 
diboride  grains,  located  along  B4C  grain 
boundaries,  and  very  small  silicon  carbide  grains, 
partially  dispersed  in  boron  carbide  grains,  are 
present. 

It  has  been  known  that  intracrystalline 
nanoinclusions  increase  greatly  the  mechanical 
properties  of  the  materials.  The  microhardness 
(measured  with  a  load  on  the  indicator  2  H)  of  the 
B4C-MeB2  materials  prepared  under  conditions 
close  to  optimum  ones  appeared  to  be  higher  than 
that  of  pure  B4C,  namely,  42-45  GPa  against  28 
GPa. 
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Thus,  the  process  of  pressure  reaction 
sintering  of  the  powder  mixtures  of  boron  carbide 
with  titanium,  zirconium,  and  vanadium  carbide 
results  in  the  formation  of  a  heterophase  material 
of  set  composition  through  the  stages  of  formation 
of  lower  borides. 


In  conditions  of  hot  pressing  under  high 
pressure,  boron  and  boron  silicide  additives  favor 
the  reaction  to  proceed  completely.  The  promising 
compositions  of  the  initial  mixtures  in  terms  and 
directions  of  optimization  of  thermobaric 
sintering  conditions  were  determined. 
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Wear  resistant  composite  structural 
materials  are  intended  to  supply  reliable  and 
durable  work  of  friction  units  of  modern 
machines,  mechanisms,  devices  in  conditions  of 
significant  10; 
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introduction  of  hard  (firm)  inclusions  into  strong 
elastic-plastic  matrix  from  a  metal  powder  is  one 
of  the  methods  of  the  creation  of  such  structure. 
Classical  example  is  materia!  RC5  with  ha  rd  glass 
particles  which  arc  inserted  into  the  ferrous  matrix 
by  mixing  of  iron,  graphite  (2,5  %)  and  glass 
(5...  10  %).  After  heat  treatment  of  the  material 
the  glass  particles  have  hardness  8...  12,0  GPa 
and  sizes  20... 60  microns  with  hardness  5... 6 
Gpa  of  metallic  matrix,  the  mechanics! 
properties  of  dense  metal-glass  materials  are 
determined  by  durability  of  a  matrix  (at  the 
smaller  glass  contents  the  strength  is  higher),  and 
tribolechnical  characteristics  (wear  intensity, 
friction  coefficient)  have  the  optimum  values  if 
the  volume  contents  of  a  glass  is  12.  ..2,1  %  [11. 

The  crushing  of  structure  promotes 
reduction  of  distance  between  dislocation  barriers 
and  consequently  increase  exploration, 
characteristics  of  materials.  So,  for  a  metal-glass 
material  on  a  basis  of  carbonil  irOR  increase  of 
wear  resistance  and  essential  increase  of  the 
durability  and  plasticity  characteristics  (strength 
on  break  on  -30  %,  on  a  bend  -  on  -70  %.  shock 
viscosity  -  in  2,5  ...  4  times)  is  observed 
simultaneously. 

Metal-glass  materials  are  used  for 
manufacturing  of  the  loaded  parts  of  friction  units 
(gear  wheels,  cams,  condense  rings,  details  of 
weaver's  machines,  agricultural  meehine-building 
products).  The  material  HC5,  was  obtained  by 
hot  pressing  in  shells  used  for  manufacturing  of 
gears  of  “lunched”  running  sites.  Hot  forging 
condense  rings  was  produced  for  basic  rollers  of 
Cat 6t n i liar  tractors , 


At  development  of  new  wear  resistance 
material  technologies  and  products  the  idea 
greatest  possible  (from  the  technological  and 
economic  points  of  view)  crushing  of  initial 


powders  is  realized.  Carbide  steels  of  the  marks 
KCT-1  (P6M5K5-KT20),  KCT-2  (6X6B3MOC- 
KT20),  KCT-3  (P6M5K6-KHT20),  KCT-4 
(6X6B3MOC-KHT20)  are  produced  by  hot 
isostatlc  pressing  and  subsequent  deformation 
processing  (rolling,  forging).  Tool  steel  is  served 
as  matrix  of  wear  resistance  material,  and  the  role 
of  hard  inclusions  allocated  in  regular  intervals  is 
carried  out  by  TiC  or  TiNC  particles  (30  %  on 
volume).  Initial  size  of  particles  of  used  powders 
is  no  more  then  20  microns.  After  heat  treatment 
materials  have  hardness  HkAu5.,.89  and  are 
used  for  cutting  and  defbrxnating  tool,  for  stamp 
and  another  wear  resistant  tool  or  parts  of  friction 

units  [2]. 

At  enterprise  i n ter- K ontakt-  Prior  Ltd  the 
hot  forging  technology  is  developed  for  a  bemetal 
product  serving  as  a  support  of  tire  chisel  tool 

(fig-)- 

The  working  part  of  a  product  is  made  of 
carbide  steel  KCT-1,  case  is  executed  from  an 
iron  powder  (with  1%C).  Mixture 
P6M5K5+20%TiC  is  ground  in  an  attritor  up  to 
average  particle  size  of  1 ...  1 ,2  microns,  contains 
A  thin  layer  of  a  nice  powder  i  is  there  between 
layers  of  iron  and  carbide  steel.  It’s  necessary  for 
reliable  merging  of  layers  at  terrnomechanical 
tratement.  The  detail  is  forged  from  temperature 
1200  °C  up  to  a  dense  status.  After  heat  treatment 
the  carbide  steel  layer  gets  hardness  HRC  60... 62. 
At  operating  conditions  'wear  resistance  of  the 
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working  carbide  stee!  layer  is  not  below  wear 
resistance  of  tungsten  which  was  used  for 
working  layer  earlier. 
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NONCARBON  NANOTUBES  AND  THEIR  2D  CRYSTALS.  REVIEW 

Pokropivny  V.  V. 

Institute  for  Problems  of  Materials  Science  of  NAS  of  Ukraine,  Kiev,  Ukraine 


Recent  progress  is  shortly  reviewed  in 
the  research  of  noncarbon  (inorganic)  nanotu¬ 
bes  (N-NTs)  on  base  of  the  boron  carbonitride 
BxCyNz,  boron  nitride  BN,  and  sulphides  WS2, 
M0S2,  selenides  NbSe2,  khalogenides  NiCh, 
oxides  SiCh,  UO2,  V2O5  of  transition  metal,  et 
al., synthesized  by  arc  discharge,  laser  ablation, 
chemical  reactions,  electron  irradiation, 
incapsulation,  and  membrane-templating 
methods.  Their  atomic  and  electronic  structure, 
the  thermodynamic,  elastic,  vibrative,  optic 
properties  are  considered  shortly  in  couple  with 
numerous  promising  applications  [1]. 

Any  layered  compounds  with  weak 
interlayer  interaction  are  possible  to  be  rolled  up 
into  nanotubes  [1,2].  This  given  an  impetus  in  a 
prediction,  synthesis  and  study  of  large  class  of 
noncarbon  NTs,  such  as:  1)  mixed  NTs,  such  as 
CxByNy,  C2BN,  CsB,  C3N4;  2)  carbon  NTs, 
intercalated  by  metals,  carbides  B4C,  chlorides 
FeCb,  and  other  compounds;  NTs  on  base  of: 
3)  boron  nitride  (BN-NTs)  [2];  4)  dichalcogeni- 
des  of  transition  metals  MeX2,  where  Me=Mo, 
W,  Nb;  X=  S,  Se,  Te;  5)  khal-cogenides,  for 
example  GaSe;  6)  oxides  M0O3,  SiCh,  AI2O3, 
V2O5,  TiCh;  7)  khalogenides  NiCh;  Layers  of 
BC2N,  BN,  M0S2,  NbSe2,  PbSe,  C3N4,  GaSe, 
M0O3,  LaB2C2,  etc.,  offer  as  building  units  of  N- 
NTs. 

Nanotubes,  fullerenes  and  onions  one 
can  consider  as  new  kinds  of  layered  ultrafme 
particles,  which  attached  much  attention  of 
material  scientists  long  time  ago.  Decrease  of 
dimensionality  under  wrapping  of  two- 
dimensional  (2D)  layers  into  ID  nanotubes 
offers  the  other  reason  (ex-cept  dimension)  of 
structural  phase  transition  2D  -*  ID  and  their 
exeptional  properties  too. 

Atomic  structure  of  chiral  BN-NT  and 
LuNiBC-NT  is  shown  for  example  in  figure. 


Noncarbon  NTs  as  well  as  C-NTs  are 
unique  quantum  objects,  the  solenoids  and 
quantum  nanocoils  of  which  can  be  used  as 
inductors,  magnetic  storage,  etc. 

BN-NTs  are  semiconductors  with  a 
constant  band  gap.  In  contrast  to  C-NTs  the 
gap  and  electron  structure  of  BN-NTs  are 
governed  by  a  chemistry,  rather  then  its 
diameter  and  chirality.  Conductive  band 
resemble  a  band  of  near  free  electrons,  resulting 
an  electron  conducting  gas  to  be  confined  inside 
walls  of  NTs. 

High  stiffness  and  axial  strength  of  BN- 
NTs  in  couple  with  sharpness  of  tip  closed  by 
cup,  give  a  base  to  use  this  NTs  as  probe  in 
atomic  force  and  other  probe  microscopy. 

Nanotubes  of  dichalcogenide  2H-WS2 
type  are  shown  to  be  as  effective  nano¬ 
lubricants,  because  they  rotate  rather  then  slide 
during  friction,  acting  as  nanobearings  ,  that 
make  them  indispensable  in  the  units  of 
forthcoming  microelectromechanical  systems 
(MEMS)  and  nanodevices. 

Boron  nitride  NTs  were  suggested  to 
serve  in  kinds  of  piezoelectric  transducers  and 
hypersound  generators.  Also  2D  supercrystals 
of  vibrating  NTs  were  predicted  to  be  used  as 
gain  media  for  phonons  generation. 

For  development  of  unique  nanomate¬ 
rials  and  nanodevices  the  2D  nano-crystals  of 
N-NTs  rather  then  single  NT  are  requiered. 
Therefore,  a  frontier  of  fullerene  science  is 
moved  now  in  the  research  of  quasi  ID  arrays, 
ropes,  bandies,  and  2D  crystals  of  NTs. 

Materials  science  aspects  for  synthesis  of 
2D  nanocomposites,  photonic  crystals  and 
nanomembranes,  built  from  the  nanotubes  was 
reviewed  in  couple  with  their  physical  properties 
and  promising  applications  [3]. 

Electrochemical  template  synthesis  is 
widely  used  for  preparation  of  highly-ordered 
2D  crystals  of  parallel-NTs  on  base  of  metal 
and  semiconductor  compounds  by  CVD  or 
PVD  technique  within  both  the  inner  walls  of 
membrane  nanochannels  or  outer  walls  of 
brush-like  arrays  of  nanorods.  This  technique  is 
compatible  with  standard  lithographic  processes 
and  thus  enables  future  integration  of  such 
nanotube  2D  arrays  with  silicon  ultra  low 
scale  integrated  circuits  (ULSI).. 
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expected  to  reveal  exclusive  optical  properties 
that  opens  ways  for  novel  promising 
applications  as  waveguides,  birefringent  lenses 
and  prisms,  switches,  gain  media  for  micro¬ 
lasers,  superconductors  and  other  devices  from 
microwave  to  ultraviolet  range.  Small  size  of  N- 
NTs  makes  possible  to  extend  abilities  of 
photonic  crystals  in  lasing,  operating  and 
guiding  of  electro-magnetic  waves. 

Luminescence  properties,  small  radius  of 
tip,  high  melt  temperature  and  alignment  level 
of  2D  lattices  built  from  N-NTs  make  them 
attractive  in  kinds  of  emitters  for  extremely  high 
resolution  displays. 

2D  nanocomposite  of  superconducting 
NTs  (MgBj,  NbSe2-NTs,  etc.)  was  predicted  to 
be  a  record  room  Tc  superconductor  [4] . 


Capacity  for  a  storage  of  hydrogen  and 
other  gases  in  N-NTs  is  expected  to  have 
advantage  over  the  C-NTs.  For  example, 
formation  of  boranes  BnHn  inside  and  outside 
the  BN-NTs,  or  TiFL  inside  Ti-encapsulated 
BN-NTs  is  helpful  for  using  them  as  membrane 
materials  for  batteries  and  fuel  cells,  capacitors 
and  chemical  filters. 

Noncarbon  NTs  are  anticipated  to  have 
great  potential  as  chemical  reagents  and 
catalysts.  For  example,  the  Ti02  NTs  are 
expected  to  be  used  in  the  preparation  of 
catalysts,  adsorbents,  and  deodorants  with  high 
activities,  because  their  specific  area  is  greatly 
increased. 

Coaxial  complex  SiC-SiCh-BN-C 
nanocables  promises  great  potential  as  a  semi¬ 
conductor  -  insulator  -  semiconductor/  metal 
heterojunction. 

Many  other  layered  compounds  are 
forecasted  to  be  wrapped  in  nanotubes,  namely: 
1)  Layered  compounds,  built  from  4-,6-,8-,10- 
,12-  rings,  such  as  (4,8)  BN-rings  and  hole  C3N4 
rings.  2)  Intercalated  khalcogenides  like  a 
MeX2-(pyridine)!/2,  PbSe/  NbS2,  forming 
multilayered  coaxial  heterostructures.  3)  Rare- 
earth  and  actinide  borocarbides  such  as  YB2C2 , 
LuNiBC,  ThB2C.  4)  Pirovskites  -  oxides, 
khalogenides,  sulphides  of  AmBnXp  (m+n=-3p) 
general  formula,  where  A  and  B  are  the  metal 


-■Rn?nfi?^S  T  1  Cl ,  Bi  )  Oi ,  f?i  i  ff)  lillaumlj  JUUli 

as  khrisotile  and  galuasite,  formed  natural 
microtubes.  6)  Two-dimensional  Zr  and  Ti 
phosphates  of  Zr(HP04)2H20  type,  uranil- 
phosphates  of  Me(U02P04)nH20  type, 
vanadyl-phosphate  a-V0P04,  and  their 
intercalators.  7)  Noncarbon  compounds  with 
tetrahedral  anions  of  glazerite  K.3R(E04)2,  type, 
where  R  is  rare-earth  element,  E  =  As,  V,  P  and 
of  palmerite  type  (arsenates,  vanadates, 
phosphates  of  Me3(E04)2  general  formula, 
where  Me=Sr,Ba,  molibdates  Me3R(Mo04)4, 
where  Me  =  Rb,  K,  and  many  others.  Here  one 
can  relate  thin  polymeric  covers  on  channels  of 
mesoporous  materials  and  nanotubular  ropes. 
Hence  theoretically  the  variety  of  N-NTs  is  very 
vast. 

In  contrast  to  C-NTs,  the  non-carbon 
layers  may  be  wrapped  not  only  in  nanotubes, 
but  in  another  spiral  forms,  for  example,  M0S2 
microribbons,  Si02  helicoids,  Cr2GaN  whiskers, 
and  other  kinds  until  unknown. 

One  can  conclude  that  investigation  of 
noncarbon  NTs  lies  in  a  starting  point,  because 
a  majority  of  theoretically  possible  N-NTs  was 
not  synthesized  yet.  In  the  course  of  time  the  C- 
NTs  would  be  considered  as  model  objects, 
because  the  properties  of  complex  N-NTs  are 
more  multifarious.  Another  ones,  such  as 
piezoelectric  properties  are  absent  for  C-NTs  in 
general.  Many  of  nanodevices,  developed  on 
base  of  C-NTs,  such  as  field  transistors, 
emitters,  nanomanipulators,  nanogears,  etc., 
appear  to  be  realized  more  successful  on  base  of 
N-NTs,  rather  then  C-NTs. 

Synthesis,  investigation  and  application 
of  novel  noncarbon  nanotubes  and  their  2D 
materials  appear  to  be  the  main  direction  in 
development  of  materials  science  and  nano¬ 
technology  of  near  future. 
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FERRITIC  STEEL  INTERCONNECT  FOR  REDUCED  TEMPERATURE 

SOFC 

Shemet  V.,  Piron  Abelian  J.,  Singheiser  L.,  Quadakkers  W.J. 

Institute  for  Materials  and  Processes  in  Energy  Systems,  Forschungszentrum  Jiilich,  D-52425 

‘  Germany 


Metallic  materials  for  be  used  as  interconnects  in 
SOFCs  should  fulfil  a  number  of  specific 
requirements.  Crucial  properties  of  the  materials 
are  high  oxidation  resistance  in  both  air  and  anode 
environment,  low  electrical  resistance  of  the  oxide 
scales  formed  on  the  alloy  surface  as  well  as  good 
compatibility  with  the  contact  materials. 
Additionally,  the  value  of  the  coefficient  of 
thermal  expansion  (CTE)  should  match  with  those 
of  the  other  cell  components.  These  requirements 
can  potentially  be  achieved  with  high  chromium 
ferritic  steels  ,  however,  previous  studies  have 
shown  that  none  of  the  commercially  available 
ferritic  steels  seems  to  possess  the  suitable 
combination  of  properties  required  for  long  term 
reliable  cell  performance. 

One  of  the  most  important  problems  found  during 
stack  operation  using  metallic  interconnect 
materials  is  the  formation  of  volatile  chromium 
oxides  and/or  oxy-hydroxides  at  the  cathode  side 
of  the  cell  leading  to  serious  deterioration  of  the 
cell  performance.  Several  authors  proposed 
various  protective  coating  types  to  prevent  the 
deleterious  effect  of  volatile  Cr-species. 

Recently,  a  new  class  of  FeCrMn(Ti/La)  ferritic 
steels,  see  Table  1,  has  been  developed  to  be  used 
as  construction  materials  for  SOFC  interconnects. 
In  the  present  study,  the  long  term  oxidation 
resistance  of  some  of  these  FeCrMn(Ti/La)  steels 
in  both  air  and  simulated  anode  gas  has  been 
studied  and  compared  with  the  behaviour  of  a 
number  of  commercially  available  ferritic  steels. 
Main  emphasis  was  put  on  the  growth  and 
adherence  of  the  oxide  scales  formed  during 
exposure,  their  contact  resistance  at  service 
temperature  as  well  as  their  interaction  with 
various  perovskite  type  contact  materials. 


Table  1.  Studied  model  and  semi-commercial 
F eCrMn(T i/La)  alloys _ 


Steels  design 

Major  features 

JS-1 

high  Mn,  Ti,  La 

JS-2 

high  Mn,  low  Ti,  La 

JS-3 

lowMn,  Ti,  La 

The  model  ferritic  Cr  steels  with  variation  in  Mn, 
Ti  and  La  content  were  manufactured  by 
Krupp/Thyssen  NIROSTA  (KTN).  The  main 
features  of  the  various  studied  alloy  types  are 
given  in  Table  1 . 

Fig.  1  shows  the  oxidation  behaviour  under  cyclic 
oxidation  conditions  for  several  FeCrMn  model 
alloys  with  and  without  Ti  and  La  additions 
compared  with  the  behaviour  of  some  of  the  most 
promising  commercial  ferritic  steels.  The  JS-1 
alloy  and  the  commercial  alloy  ZGM232  show  the 
highest  weight  changes  mainly  due  to  the 
extensive  internal  oxides  formed  beneath  the 
scale.  The  other  studied  alloys  show  similar  oxide 
scale  growth  rates  because  either  no  internal 
oxides  are  present  at  all  or  they  appear  in  form  of 
very  fine  internal  precipitates.  Both  commercial 
alloys  1.4509  and  446,  exhibit  substantial  scale 
spallation  during  the  oxidation  test  but  the 
chromium  concentration  is  still  sufficiently  high 
to  re-form  the  chromia  based  scale. 

Fig.  2  shows  the  oxidation  behaviour  of  JS-1  and 
JS-3  alloys  oxidized  in  both  air  and  simulated 
anode  gas.  A  general  tendency  is  that  the  oxide 
scales  formed  in  anode  gas  are  slightly  thinner 
than  those  formed  on  air.  As  has  previously  been 
reported  for  Cr-based  alloys,  for  all  studied  alloys 
the  scales  formed  in  the  anode  gas  generally 
possess  better  adherence  than  those  formed  in  air 
or  oxygen. 

Fig.  3  shows  the  instantaneous  Kp-values  at  50h 
determined  during  isothermal  oxidation  in  air  for 
a  number  of  FeCrMn  alloys  with  and  without  Ti 
and  La  additions  and  compared  with  a  number  of 
other  SOFC  relevant  alloys  as  function  of  the 
reciprocal  temperature.  The  addition  of  Ti  to  the 
FeCrY  alloy  leads  to  a  substantial  increase  in  the 
oxidation  rate.  The  enhancement  increases  with 
increasing  Ti  content,  in  agreement  with  previous 
findings  related  to  the  behaviour  of  NiCr-based 
alloys  in  steam  reforming  gas.  Comparing  the 
alloys  FeCrMn  and  JS-1  it  is  clear  that  in  the 
entire  range  of  temperatures  studied,  only  minor 
changes  in  the  Mn,  La  and  Ti  contents  can 
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substantially  affect  the  oxidation  rate.  Based  on 
these  findings,  suitable  oxidation  resistance  of  the 
ferritic  steels  requires  adequate  addition  and 
careful  control  of  these  elements  in  the  alloy.  By 
optimum  additions  of  the  oxygen  active  elements, 
oxidation  rates  can  be  achieved  which  are  similar 
to  those  of  the  chromium  based  ODS  alloy 
Cr5Fel  Y203,  which  has  frequently  been  proposed 
as  interconnect  material  for  high  temperature 
SOFC's. 

The  electrical  resistances  of  the  oxides  scales 
formed  on  different  FeCrMn(Ti/La)  alloys  during 
500h  exposure  at  800°C  are  shown  in  Figure  4. 
The  results  are  compared  with  data  obtained  for  a 
number  of  commercial  alloys,  i.e.,  1.4742 

(XIOCrAl  18),  1.4509  (X2CrTiNb  18),  alloy  446 
and  alloy  ZGM232.  The  values  obtained  for  alloys 
1.4509,  446  and  ZMG232  show  a  very  wide 
scatter  range,  although  on  all  three  materials,  the 
oxide  formed  mainly  consists  of  a  duplex 
MnCr204/Cr203  scale.  The  highest  values  of 
approximately  20  Gem2  were  obtained  for  the 
commercial  alloy  1 .4742  which  has  in  some  cases 
been  considered  as  a  potential  candidate  to  be 
used  as  interconnect  in  intermediate  temperature 
SOFCs.  These  high  values  can  be  explained  by 
the  fact  that  this  alloy,  depending  on  the  exact 
alloy  composition  and  surface  treatment,  in  some 
cases  tends  to  form  a  very  protective  alumina 
scale,  which,  however,  possesses  a  very  poor 
electrical  conductivity.  In  contrast,  the  new  JS-3 
alloys  show  very  low  contact  resistance  values  of 
approximately  10  mGcm2,  i.e.,  values  which  are 
two  to  three  orders  of  magnitude  smaller  than  that 
of  the  commercial  alloy  1.4742. 

Conclusions 

Commercial  high  Cr  ferritic  steels  as  interconnect 
material  have  large  drawbacks  because  the 
materials  tend  to  exhibit  scale  spallation  during 
long  term  oxidation,  especially  under  cyclic 
oxidation  conditions.  Besides,  the  formed  oxide 
scales  frequently  exhibit  high  electrical 
resistances.  These  effects  are  mainly  related  to  a 
poor  control  of  the  oxygen  active  minor  alloy 
constituents.  For  these  reasons,  new  alloys  of  type 
FeCrMn(Ti/La)  were  developed  to  be  used  as 
interconnect  materials  for  SOFCs.  These  alloys 
form  oxide  layers  with  low  growth  rates  being 
constituted  by  a  duplex  MnCr2CyCr203  scale.  The 
formation  of  the  external  spinel  layer  considerably 
reduces  the  chromium  evaporation.  Also,  it  has 
been  demonstrated  that  this  type  of  scale  has  a 


low  contact  resistance,  i.e.,  almost  three  orders  of 
magnitude  lower  than  that  of  alumina-rich  scales 
frequently  formed  on  commercial  ferritic  steels. 


Fig.  1 .  Oxidationbehavioum  of  commercial 
and  model  ferritic  steels  at  800°C  in  air. 


ferritic  steels  at  800°C  in  Ar/4%H2-2%H20 


Fig.  3.  Instantaneous  Kp  values  as  function  of 
temperature  during  isothermal  oxidation  in  air 
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Fig.  4.  Contact  resistance  of  commercial 
ferritic  steels  and  model  alloys  at  800°C  in  air. 
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ANALLYSIS  STRESS-STRAIN  STATE 
OF  DIAMOND-SiC  COMPOSITE  MATERIAL 

Grygoryev  O.  M.,  Stepanenko  A.  V.,  Bcga  M.  D. 

Frantsevich  Institute  for  Problems  of  Materials  Science,  NAS  of  Ukraine,  Kyiv 


Operation  and  strength  properties  of  the 
diamond  based  composites  on  to  a  great  extend 
are  determined  by  their  stress-strain  state. 

The  present  research  is  devoted  to  the 
analysis  of  the  internal  stress  in  composites 
diamond-Silicon  carbide  which  arises  due  to 
differences  in  thermoelastic  properties  of 
components. 

Samples  of  composite  were  produced  by 
infiltration  of  liquid  silicon  into  diamond  powders 
compacts  at  high  pressure  and  temperature.  The 
grain  size  of  powders  was  varied  from  80/63  to 
10/7  pm 

Theoretical  analysis  of  residual  stresses  was 
carried  out  by  using  the  statistical  theory  [1].  The 
experimental  investigation  was  fulfilled  by  XRD- 
methods.  Shifts  and  broadening  of  diffraction 
curves  of  diamond  and  SiC  were  measured  as 
respects  of  corresponding  lines  of  the  .Si-powder 
etalon.  Stressed  state  of  composite  was  studied  by 
the  shifts  and  widths  of  the  diffraction  curves  in 
accordance  with  article  [2], 

Volume  concentration  SiC  was  defined  by 
means  of  determination  intensity  of  lines  phases 
in  the  specimens  with  using  factor  reference 
intensity  ratio  (RIR),  which  were  found  by 
theoretical  calculation  for  equivolumetrical 
composition  mixture. 

As  the  thickness  of  reflecting  layer  is  much 
more  of  the  size  grains  any  of  the  phases  (0.5  pm 
in  SiC  and  60  pm  in  diamond)  than  the 
volumetric  stress  state  was  researched.  The 
components  of  principal  stresses  versus 
composite  composition  are  determined.  For 
measurements  were  used  line  (331)  in  diamond 
and  (333)-(5 11)  in  SiC. 

Calculation  of  microstresses  in  composite 
was  performed  by  the  approximation  method 
using  approach  of  Reuss.  Satisfactory  fit  of 
calculation  and  experimental  values  of  residual 
stresses  into  phases  was  found 

As  a  result  of  theoretical  and  experimental 
investigation  was  established: 

1)  Mismatch  of  elastic  and  thermal  characteristics 
of  investigated  phases  results  in  inverse  of  sign  of 
internal  stresses  when  the  pressure  of  sintering  is 
increased  (Psmv  ~  2  GPa)  -  Figure  1; 


2)  For  specimens  were  obtained  at  the  real 
conditions  of  production  the  level  of  the 
residual  stresses  is  high  (Figure  2)  and  tensile 
stresses  in  diamond  and  compressive  stresses  in 
SiC  reach  0.5  GPa  and  2.3  GPa  respectively  if 
Csic=15  vol.  %. 

3)  The  increase  of  grain  size  of  diamond  powder 
from  10/7  to  80/63  pm  and  an  additional  use  of 
small  fractions  has  resulted  in  reduction  of 
contents  of  SiC  in  composite  from  20  vol.  %  to 
11  vol.  %;  reduction  of  tensile  stresses  in 
diamond  from  0.7  GPa  to  0.35  GPa  and  increase 
compressive  stresses  into  SiC  from  2.5  GPa  to 
2.8  GPa. 

Changing  of  microstresses  in  diamond  is 
proportionally  to  changing  of 
pseudomacrostresses,  that  is  microstresses  in 
diamond  we  may  interpret  as  dispersion  of 
pseudomacrostresses. 

But,  the  structure  of  SiC  is  characterized 
some  significant  distinction.  The  lattice  period  of 
created  P-SiC  (a=0.4356  nm)  is  less  than  period 
of  standard  P-SiC  (Figure  3).  Microstresses  into 
SiC  is  much  larger  in  comparison  with  diamond 
and  don’t  depend  on  pseudomacrostress  level  and 
substantially  were  defined  his  faulty  conditions. 


Figure  1.  Residual  stresses  in  phase  of  composite 
as  function  of  the  sintering  pressure. 
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Figure  2.  Residual  stresses  in  phase  of  composite 
as  function  of  content  of  SiC. 


Figure  3.  Pseudomacrostresses  in  composite  as 
composite  as  function  of  content  of  SiC. 
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Highly  textured  polycrystals  of  diamond- 
like  (HTP-DL)  boron  nitride  phases  (wurtzitic  - 
wBN  and  cubic  -  cBN)  are  of  interest  as  the  basis 
for  new  superhard  materials  engineering.  Such 
interest  is  caused  by  HTP-DL  properties  some  of 
which  are  close  to  those  of  cBN  monocrystals  and 
some  -  may  exceed  of  monocrystal  properties  (for 
example  hardness,  toughness,  resistance  to  wear). 
The  advantage  of  HTP-DL  is  determined  also  by 
the  fact  that  they  could  be  more  easily  obtained  as 
compared  to  cBN  monocrystals.  In  this  connection 
we  must  also  note  that  the  growing  of  wBN 
monocrystals  is  impossible  in  principle  because 
wBN  is  a  metastable  phase  and  transforms  into 
cBN  under  heating.  At  the  same  time  the  method  of 
HTP-DL  samples  making  with  sizes  of  the  order  of 
1  cm  has  been  already  developed.  This  method  is 
based  on  the  crystal-oriented  transformations  of 
graphite-like  phases  into  diamond-like  ones  in 
highly  textured  CVD  materials  [1]. 

In  the  present  work  we  discuss  the  features 
of  HTP-DL  obtaining  and  its  texture  characteristics. 
Two  types  of  HTP-DL  are  compared:  one  based  on 
rombohedral  and  another  on  hexagonal  graphite¬ 
like  BN  modifications.  The  highly  textured  plates 
of  rBN  were  used  as  starting  samples.  The  texture 
investigations  were  performed  by  means  of  x-ray 
diffractometiy  and  x-ray  transmission  texture 
photography  method  described  in  [2],  The 
unlimited  axial  texture  with  the  [001]  axis  is 
characteristic  to  starting  CVD-BN  (the  (001)  basal 
planes  of  graphite-like  BN  were  oriented  mainly 
parallel  to  the  surface  of  CVD  plates).  The  texture 
scattering  angle  (Ap/2)  was  near  ±3°.  The  rBN 
phase  was  used  both  for  realization  of  series  of 
crystal-oriented  transformations  rBN-wBN-cBN, 
and  hBN  modification  obtaining.  The  rBN  -  hBN 
transformation  was  carried  out  in  high  pressure 
apparatus  at  p=3GPa  (to  prevent  BN 
decomposition)  and  T  >  2500  K.  The  data  of  x-ray 
diffraction  show  that  thermal  treatment  of  rBN 
leads  to  its  full  transformation  to  hBN.  The  hBN 
inherited  rBN  texture  and  grain  sizes.  This 
phenomenon  may  be  explained  by  crystal-oriented 
transformation  that  developed  as  diffusion 


rearrangement  of  (001)  layers  without  nucleation 
and  growth  of  new  grains.  But  such  mechanism  of 
transformation  causes  the  polytype  stacking  faults 
formation.  At  the  same  time  the  concentration  of 
turbostratic  stacking  faults  in  hBN  was  very  low, 
and  this  was  an  important  condition  for  coherent 
diffusionless  transition  of  hBN  into  dense  phases. 

The  HTP-DL  samples  were  obtained  by 
hBN  or  rBN  compression  in  toroid-type  apparatus 
at  p=7,7  GPa.  The  HTP-DL  texture  evolution  was 
investigated  in  temperature  range  from  300  up  to 
2800  K. 

Phase  transformation  of  rBN  into  dense 
phases  is  developed  by  buckling  mechanism  and 
leads  to  wBN  formation  if  T  <  1500  K.  The 
following  orientation  relationships  (001)w//(101)r 
and  [210]w//[212]r  are  formed.  These  relationships 
are  confirmed  not  only  by  transmission  electron 
microscopy  but  also  by  x-ray  texture  photography. 
The  HTP-DLs  based  on  cBN  are  formed  at  T  > 
2000  K  by  coherent  wBN  -  cBN  transition,  and  this 
leads  to  the  orientation  relationships  between  dense 
phases  :  (lll)s//(001)w  and  [112] s//[2 1 0] w.  The  x- 
ray  texture  photographs  of  HTP-DL  samples 
obtained  from  rBN  are  shown  in  Fig.  1. 

The  local  recrystallization  of  cBN  and 
destruction  of  texture  was  fixed  in  some  samples  at 
T  >  2300  K.  However  detailed  study  of  these  HTPs 
showed  that  grain  growth  is  connected  with 
impurity  diffusion  to  the  BN  specimen  from  the 
walls  of  high  pressure  apparatus.  If  the  special 
shield  is  used  the  recrystallization  does  not  begin  up 
to  2800  K. 

The  main  peculiarities  of  rBN-based  HTP-DL 
structure  is  the  triple  texture  formation  in  every 
monocrystal  grain.  Such  texture  begins  to  form  as  a 
result  of  rBN  twinning  before  transformation 
occurs.  Formation  of  substructure  with  high  density 
of  twins  is  accompanied  by  (101)  planes  rotation  to 
the  position  normal  to  CVD  plate  surface.  During 
the  development  of  phase  transformations  rBN  - 
wBN  -  cBN,  the  rBN  planes  transform  into  (001) 
wBN  and  {111}  cBN  planes  so  these  planes  of 
dense  phases  are  oriented  normally  to  the  surface  of 
HTP-DL  plates.  The  grain  structure  of  dense  phases 
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is  characterized  by  submicron  sizes  resulted  from 
diffusionless  character  of  phase  transformations. 


Fig.l  The  x-ray  texture  photographs  of  HTP-DL 
obtained  from  rBN:  wBN  (a)  and  cBN  (b). 

In  the  case  of  hBN  used  as  initial 
modification,  the  transformation  mechanism  is 
puckering.  At  the  first  stage  the  hBN  transforms 
into  wBN  with  orientation  relationships 
(001)w//(001)h  and  [210]w//[210]h.  The  main 
structure  feature  of  wBN  formed  from  CVD  hBN 
was  the  high  concentration  of  intrinsic  type  stacking 
faults.  Such  faults  are  inherited  from  hBN  structure 
and  accelerate  the  wBN  -  cBN  transformation. 
Therefore  it  is  difficult  to  obtain  HTP  with  pure 
wBN  structure  from  hBN.  In  both  mechanisms  of 
transformations  the  stage  wBN  -  cBN  is  realized  at 
T  >  1500  K  with  identical  orientation  relationships. 


We  must  note  also  that  transformations  by 
buckling  mechanism  occur  at  lower  temperatures 
than  transformations  by  puckering  mechanism.  For 
example:  rBN  -  wBN  transformation  at  1500  K 
leads  to  almost  100%  amount  of  dense  phase, 
whereas  hBN  -  wBN  transition  at  the  same  p,T 
conditions  leads  to  amount  of  dense  phases  not 
more  than  10%. 

The  triple  texture  does  not  form  during 
hBN  transition,  so  this  scheme  of  HTP  obtaining 
can  lead  to  more  perfect  texture.  But  texture 
scattering  angle  of  HTP  dense  phases  strongly 
depends  on  the  scattering  of  initial  CVD  BN 
texture.  The  texture  photograph  of  cBN  phases  (in 
mixture  with  hBN)  formed  on  puckering 
mechanism  is  shown  in  Fig.  2.  The  main  feature  of 
this  type  texture  is  the  orientation  of  (001)w  and 
(1 1  l)c  planes  parallel  to  surface  of  initial  CVD  BN 
plate.  So,  the  orientations  of  (001)w  and  (lll)c 
planes  in  HTP-DLs  formed  by  different 
mechanisms  differ  in  rotation  by  90°.  This 
difference  must  lead  to  difference  in  HTP-DL 
properties. 


111c 


Fig.2  The  x-ray  texture  photograph  of  HTP-DL 
obtained  from  hBN. 
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Using  a  plasmatron  operating  in  specially 
calculated  regimes,  tungsten  carbide  (WC)  based 
coatings  were  deposited  onto  a  copper  crystallizer 
plate.  It  was  found  that  a  local  hardness  of  the 
WC-Co  coating  may  reach  up  to  1.3  x  104  N/mm2 
and  the  coating  adhesion  to  substrate  may  be  as 
high  as  270  MPa.  The  elemental  and  phase 
compositions  of  coatings  were  studied  by 
Rutherford  backscattering  spectroscopy,  X-ray 
diffraction,  and  transmission  electron  microscopy 
with  electron  diffraction. 

The  surface  morphology  and  depth- 
composition  profiles  of  the  coatings  were  studied 
by  optical  and  scanning  electron  microscopy.  The 
coating  is  composed  of  WC  crystal  grains  with 
hexagonal  close  packed  (hep)  lattice,  a-  and  (3-Co 
grains,  and  cubic  WC  grains.  The  average  size  of 
the  hep  WC  grains  is  0.15  pm  and  that  of  the 
cobalt  particles  is  about  25  nm.  In  addition,  the 
grain  boundaries  contain  W3C03C  particles  with 
an  average  size  of  15  nm. 

Pulsed  beams  of  charged  particles  and  plasmas 
have  been  extensively  used  for  the  surface 
modification  of  various  materials  since  the 
beginning  of  1980s  [1-4],  The  action  of  such 
concentrated  energy  fluxes  upon  a  solid  sample 
leads  to  a  high-rate  (10'3  -  10~8  s)  heating  of  the 
surface  layer  followed  by  its  rapid  quenching  with 
a  fast  heat  removal  in  depth  of  the  processed  tar¬ 
get.  As  a  result,  the  target  material  exhibits 
significant  structural  and  phase  transformations, 
including  the  formation  of  metastable  phases, 
dispersed  nanoinclusions,  amorphous  layers,  and 
high  densities  of  dislocations  and  nonequilibrium 
point  defects  frequently  accompanied  by  the  ion- 
beam- induced  mixing  [1,2].  Pulsed  energy  fluxes 
are  also  employed  for  depositing  thin  films, 
applying  coatings,  and  obtaining  dispersed  nano¬ 
particle  powders  [2],  In  particular,  by  introducing 
a  WC-Co  powder  (VK-12  grade)  into  a  pulsed 
high-velocity  plasma  jet,  one  may  obtain  a  coating 
of  this  composition  with  good  adhesion  to  a 
copper  crystallizer  plate  (solving  this  task  is 
important  for  the  molding  technology). 

The  sample  coatings  were  prepared  using  a 
pulsed  plasmatron  supplied  with  a  VK-12  powder 


with  an  average  particle  size  of  35-56  pm.  Using 
preliminary  mathematical  modeling  and  variation 
of  the  plasmatron  parameters,  nozzle  geometry, 
the  distance  from  the  nozzle  to  substrate  surface, 
and  the  reaction  chamber  dimensions,  we 
determined  optimum  values  of  the  pulsed  plasma 
jet  velocity,  plasma  temperature,  and  optimum 
nozzle  to  substrate  spacing. 

These  parameters  were  as  follows:  jet  plasma 
temperature,  2,4  x  104  K;  jet  velocity,  ~7  km/s;  jet 
power  density,  up  to  107  W/cm2;  nozzle  to 
substrate  spacing,  30  mm.  The  gas  mixture 
components  and  powdered  material  were  supplied 
to  the  plasmatron  in  a  continuous  regime.  The  jet 
pulse  duration  was  0.3  ms. 


Fig.  1.  RBS  He4+  spectrum  of  a  WC-Co  coating 
on  a  copper  crystallizer  surface. 


2TETA 


Fig.2.  X-ray  diffractogram  (Cu Ka  radiation; 
Sunya,  Japan)  of  a  WC-Co  coating  deposited  by 
a  pulsed  plasma  jet  onto  a  copper  crystallizer 
surface. 
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Figure  1  shows  the  Rutherford  backscattering 
(RBS)  spectrum  of  He+  ions  for  a  tungsten 
carbide-cobalt  coating.  As  is  seen,  the  spectrum 
displays  the  peaks  of  tungsten  and  oxygen  and  a 
kinematic  threshold  of  Co.  The  relative  content  of 
Co.  W,  C.  and  O  in  the  surface  layer  with  a 
thickness  of  2.8  pm  corresponded  to  the  following 
composition:  WCg<>;  Cos;  C2;  02. 


[8,9],  This  state  is  explained  by  a  high-temperature 
cycle  involved  in  the  coating  formation. 

Additional  analysis  of  the  sample  structure  and 
phase  composition  was  performed  with  the  aid  of 
the  transmission  electron  microscopy  with  electron 
diffraction.  According  to  these  data,  the  coating 
has  a  poly-crystalline  structure  including  grains  of 
the  hep  WC  phase  and  the  cubic  ot-Co,  |3-Co,  and 


Fig.  3.  Micrograph 
of  the  transverse 
cross  section  of  a 
WC-Co  coating  on 
a  copper  substrate 
with  indenter 
pyramid  marks: 
(1)  in  the  middle 
of  the  coating;  (2) 
near  the  film- 
substrate  interface; 
(3)  at  the  film- 
substrate  interface. 


WC  phases.  The  average  size  of  the  hep  WC  grains 
is  0.15  pm  and  that  of  the  cobalt  particles  is  about 
25  nm.  In  addition,  the  grain  boundaries  contain 
W3C03C  particles  with  an  average  size  of  15  nm.  A 
dislocation  substructure  was  observed  inside  the 
cubic  WC  grains. 

Figure  3  shows  a  micrograph  of  the  transverse 
cross  section  of  a  WC-Co  coating  with  prints  of  a 
diamond  indenter  pyramid  used  for  the 
microhardness  measurements  (scale:  1  cm  -  200 
pm).  As  is  seen  from  this  image,  the  coating 
contains  local  regions  possessing  significantly 
different  microhardnesscs  (ranging  from  8  x  103  to 
1.3  x  104  N/mnr).  The  adhesion  of  coating  to 
substrate  was  determined  for  the  films  deposited 
onto  M-00  grade  copper  plates.  This  characteristic, 
determined  after  about  ten  measurements  of  the 


Note  that  the  concentration  of  tungsten  on  the  film 
surface  was  very  small  (~1  at.  %),  while  the  carbon 
concentration  reached  30  at.  %.  As  is  known  [7,8], 
the  tungsten  carbide  films  deposited  by  the  HVOE 
and  HEP  techniques  arc  characterized  by  the 
tungsten  content  increased  up  to  84.38  and 
87.98%,  respectively.  This  may  even  be 


groove  made  by  a  diamond  pyramid  scribing  the 
sample  surface,  was  calculated  by  the  formula  H„ 
=  4P/b 2  (here  P  is  the  load  and  b  is  the  groove 
width).  The  results  of  these  measurements  showed 
that  the  adhesion  is  on  the  average  250  MPa 
(ranging  from  210  to  280  N/mnr). 


accompanied  by  the  partial  amorphization  of 
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The  presence  of  oxygen  interstitial  atoms  even  at 
low  concentrations  leads  to  the  fonnation  of  new 
phases  in  d-metal  systems.  Such  phases  in  Zr(Ti)- 
based  systems  of  A3B3Ox  and  AdTCk  stoichiometries 
with  Ti2Ni  type  of  structure  and  A3BOx  with  Re3B 
type  demonstrated  interesting  peculiarities  of  hydrogen 
absorption/desorption  properties  on  the  dependence  of 
oxygen  content.  A  review  of  recent  results  on  the  hy¬ 
drogenation  properties  and  H-induced  phase-structural 
transformations  of  these  compounds  will  be  presented 
in  this  report.  The  influence  of  hydrogen-oxygen  inter¬ 
play  on  gas  and  electrochemical  hydrogen  absorption- 
desorption  properties  will  be  discussed. 

It  has  been  shown,  that  the  existence  of  oxygen- 
stabilized  77-phase  with  ThNi  type  of  structure  in  Zr- 
V  alloys  facilitates  the  activation  process,  accelerates 
the  hydride  formation  and,  in  a  number  of  cases, 
leads  to  higher  hydrogenation  capacity  [1],  The  for¬ 
mation  of  hydrides  with  the  highest  capacity  can  be 
reached  by  the  decrease  of  oxygen  content  in  the  al¬ 
loy  down  to  Zr3V3(X06  composition.  The  single¬ 
phase  ?7-Zr3V3Oo.6D]o.5  deuteride  was  synthesized  and 
studied  by  X-ray  and  neutron  diffraction  [2].  The 
ciystal  structure  of  ?7-phase  hydrides  was  analyzed  to 
predict  the  hydrogenation  capacity  in  dependence  of 
oxygen  content  for  a  wide  range  of  oxygen- 
containing  compounds  with  Ti2Ni  structure  type. 

77-Zr4Fe2Oo.6  and  ?7-(Zr,Hf)2Fe  demonstrated  the 
substantial  difference  between  the  hydrogenation 
capacity  of  oxygen-containing  and  oxygen-less  com¬ 
pounds  [3].  However,  the  increase  of  hydrogen  stor¬ 
age  capacity  of  ?7-Zr4Fe200.25-o.6  was  observed  with 
the  decrease  in  oxygen  content,  the  maximum 
reached  H/f.u.=9.8.  Slight  ciystal  structure  transfor¬ 
mation  of  77-Zr4Fe2O0.25  saturated  hydride  in  compari¬ 
son  with  parent  compound  was  identified  [4],  The 
increase  of  metal  matrix  stability  with  the  rise  in  O- 
content  was  observed  in  hydrogenation  dispropor¬ 
tionation  route  for  Zr4Fe2Ox  alloys  [5]. 

XRD  studies  of  the  annealed  (Zr,Ti)4Ni2O0.6  al¬ 
loys  demonstrated  the  presence  of  77-phase  as  a 
dominant  in  the  whole  range  of  substitution  [6].  The 
presence  of  oxygen  leads  to  the  stabilization  of  77- 
Zr4Ni2Oo.6  compound  instead  of  Zr2Ni  (CuAh-type) 
as  well  as  ?7-ZrTiNiO0.3  instead  of  ZrTiNi  C14  Laves 
phase.  The  hydrogen  storage  capacity  was  observed 


to  be  1.22-1.25  H/M  for  (Zri_xTix)4Ni2O0,3  alloys 
(xU). 25-0. 75).  Hydrogenation  does  not  cause  the 
crystal  structure  transformations  of  parent  ?7-phase 
and  the  volume  expansion  -15  %  has  been  observed. 
Insertion  of  oxygen  atoms  in  metal  matrix  of  (Tf. 
xZrx)4Ni2Ox  results  the  increase  of  pressure  on  p-c-T 
plato.  This  accompanies  by  the  decrease  of  hydrogen 
desorption  temperatures  and  the  increase  of  discharge 
capacity  upon  electrochemical  cycling. 

A3B  phases  with  Re3B-type  of  structure  in  Zr- 
based  systems  can  dissolve  oxygen  up  to  A3BO  stoi¬ 
chiometry  (Zr3Fe,  Zr3Co)  or  can  be  stabilized  by  oxy¬ 
gen,  when  the  compound  does  not  exist  in  the  binary 
system  (Zr3NiO).  The  hydrogenation  properties  of 
oxygen-containing  Zr3Fe(Co)Ox  and  oxygen-stabilized 
Zr3NiOx  compoimds  were  studied.  In  this  report  new 
results  about  the  formation  of  Zr3NiOx  hydrides  (x= 
0.4:  0.6;  0.8;  1.0)  will  be  analyzed.  The  insertion  of 
oxygen  atoms  leads  to  the  decrease  of  hydrogen  stor¬ 
age  capacity  from  Zr3NiO0.4H6.5  up  to  Zr3NiOH5  3.  On 
the  contrary,  the  value  of  hydrogen  induced  lattice  ex¬ 
pansion  increases  with  the  increase  of  oxygen  content 
from  AV/at.H  =  2.333  A3  for  Zr3NiO0.4  up  to  3.047  AJ 
for  Zr3NiO,  0  [7].  For  investigated  compounds  the  in¬ 
fluence  of  inserted  oxygen  on  the  hydrogen  storage 
capacity  is  much  lower  in  comparison  with  that  for 
ThNi-type  phases.  Obtained  crystallographic  data 
demonstrated  that  the  hydrogenation  of  both  kinds  of 
structures  (Ti2Ni-  and  Re3B-type)  is  accompanied  by 
redistribution  of  oxygen  atoms.  The  features  of  hydro¬ 
gen  absorption-desorption  properties  of  the  studied 
compounds  will  be  analyzed  from  their  application 
point  of  view  as  hydrogen  storage,  getter  or  electrode 
materials  for  Ni-MH  batteries. 
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The  nonoxigen  metallike  refractory  compounds  - 
borides,  carbides,  silicides  etc  are  distinguished  by 
very  high  melting  temperatures  (upto  4000°C), 
high  hardness  (upto  40-50  GPa),  high  strength, 
especially  at  high  temperatures.  But 
simultaneously  they  are  very  brittle.  The  main 
reason  of  such  brittlenes  is  their  specific  chemical 
nature  -  the  big  contribution  of  a  rigid  covalent 
bond  [1], 

These  features  from  one  side  restrict  the  wide 
application  of  such  kind  of  materials  in 
constructions.  From  the  other  side  they  open  the 
possibility  to  use  them  as  reinforcement 
components  different  composite  materials. 
Usually  such  materials  consist  from  the  relatively 
plastic  matrix  phase,  in  which  there  are  distributed 
particles  or  in  many  cases,  fibers  of  more  strong 
refractory  compounds  [2,  3].  Such  strengthening 
extends  the  temperature  limits  of  using  of  related 
construction  materials.  Nevertheless,  there  are 
limited  by  relatively  low  melting  matrix. 

The  high  temperature  conditions  demand  the 
construction  of  composite  materials  consisted 
only  from  refractory  compounds. 

In  this  case  the  component  materials  have  to 
satisfy  the  main  demand  -  the  absence  of 
interaction  at  high  temperatures.  In  many  cases 
this  situation  for  nonoxigen  refractory  compounds 
is  fulfilled,  especially  between  boride  and  carbide 
or  different  boride  phases. 

In  all  cases  the  configuration  of  composite 
component  phases  is  one  of  main  parameters 
which  determine  the  mechanical  properties  of  the 
whole  material.  The  configuration  and  the 
interaction  in  the  phase’s  boundaries  control  the 
trans  -  or  intercrystalline  fracture  character,  its 
temperature  dependence. 

One  of  most  effective  method  of  strengthening  is 
the  creation  of  the  composites  in  which  the 
strengthening  phase  is  represented  by  fibers  or 
whiskers.  In  this  case  mostly  there  are  achieved 
the  mechanical  characteristics  which  are  much 


more  than  they  are  proper  for  individual 
components. 

There  exist  different  technological  methods  to 
prepare  composite  materials  having  refractory 
compound  strengthening  phase.  Some  methods 
provide  the  precipitation  of  previously  compacted 
powders  or  fibers  of  compound  by  liquid  metals. 
The  hard  alloys  are  the  example  of 
recrystallization  through  liquid  phase.  The  most 
common  for  refractory  compounds  are  methods  of 
powder  metallurgy  -  sintering  or  hot  pressing. 

In  recent  years  the  big  attention  is  paid  to  the 
directional  crystallization  process,  which  in  the 
case  of  eutectic  mixtures  permits  to  obtain  “in 
situ”  composites.  The  structure  of  such 
composites  is  determined  by  such  factors  as  the 
volume  fraction  of  component  phases, 
crystallochemistry  correlation  of  the  both  phases 
structures,  technological  processes  parameters  etc 
[4-6]. 

It  is  known  that  the  quasibinary  constitutional 
diagrams  of  refractory  compounds  in  many  cases 
represent  eutectic  kind  of  diagram  [7],  It  permit  to 
suppose  that  the  directional  crystallization  process 
may  be  used  for  the  creation  of  new  kinds  of 
based  on  these  materials  composite  materials. 

We  studied  the  structure  of  directionally 
crystallized  pseudobinary  eutectic  compositions  in 
some  Me’B6  -  MenB2  (Me1:  La,  Sm,  Eu,  Gd,  Ca; 
Me11:  Ti,  Zr,  Hf,  V,  Nb,  Ta)  systems,  MoSi2  - 
MeB2  system,  B4C  -  MeB2  (Me:  Ti,  Zr,  Hf,  Nb, 
Mo)  systems. 

It  was  shown  that,  according  [5],  the  kind  of 
obtained  structure  is  determined  in  the  greater 
extent  by  the  volume  fraction  of  component 
phases  (Fig.  l,a,b).  The  big  difference  in  the 
crystal  structures  and  chemical  bonds  character 
results  in  more  complicate  structure  (Fig.  l,c). 

It  is  important  to  note,  that  in  the  most  of  these 
systems  the  mutual  solid  solubility  of  both  phases 
is  absent  or  negligible  small,  which  determines 
their  stability  at  high  temperatures. 
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The  typical  structures  of  the  directionally  crystalizated  eutectic  composites. 

a)  LaBfj  -  ZrB2  (needle  -  like  structure,  Vi/V2  =  83/17)2565 

b)  CaB6  -  TiB?  (lamellar  structure,  V,/V2  =  )97 

c)  B4C  -  NbB2  (“Chinese  script”  structure)3000 


The  perfection  of  obtained  structures  is  influenced 
by  technological  parameters  of  processes  -  the 
crystallography  direction  of  crystallization, 
temperature  rate  of  crystallization  etc. 

By  optimal  parameters  it  is  possible  to  obtain 
structures  consisted  from  single  crystal  matrix  of 
the  main  refractory  phase,  in  which  there  are 
uniformly  distributed  needle-like  single  crystals  of 
the  second  refractory  phase  [8]. 

It  is  worth  to  note  that  for  instance,  MeB6-MeB2 
composites  ma  be  considered  as  any  model 
materials. 

These  both  phases  may  be  formed  by  different 
rare-earth  and  d-transition  metals  correspondingly 
with  changing  of  such  phases  parameters  as  cell 
dimension,  thermal  expansion  coefficient  etc. 
Moreover,  it  is  possible  to  use  not  only  individual 
borides  but  their  solid  solutions,  that  permits  to 
obtain  the  continuous  changing  of  these 
parameters. 

These  peculiarities  may  be  used,  particularly,  for 
investigation  of  fundamental  rupture 
characteristics  of  fiber  reinforced  composites,  as 
the  function  of  interphases  strains,  of  friction 
between  fiber  and  matrix  during  its  pulling  etc. 


By  introducing  of  any  third  element,  which  has 
any  solubility  in  both  boride  phases,  also  it  is 
possible  to  change  the  character  of  interaction 
between  components. 

The  realization  of  physical  properties,  proper  to 
the  main  matrix  phase  with  simultaneously 
reinforcement  permit  to  use,  for  instance,  LaB6 
based  materials  as  effective  and  thermal  shock 
resistant  thermoemitters,  EuB6  based  matenals  as 
strong  neutron  absorber  materials  etc. 
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Magnesium  diboride  can  be  easily  synthesized 
under  ambient,  elevated  or  high  pressures.  The 
characteristics  that  are  important  for  practical 
applications  of  a  material  as  a  superconductor, 
such  as  critical  current  density  (jc),  irreversible 
magnetic  field  (Hjrr),  etc.  are  very  sensitive  to  the 
material  density,  impurity  content  and  structural 
defects.  High-pressure  (HP)  synthesis  and 
sintering  are  promising  methods  for 
manufacturing  of  the  bulk  MgB2  superconductive 
material  and  available  high-pressure  apparatuses 
with  100  cm3  working  volume  can  allow  us  to  use 
the  bulk  MgB2  for  practical  application  such  as 
electromotors,  flying  wheels,  bearings,  etc. 

We  obtained  a  bulk  materials  with  the  following 
critical  current  densities  jc  in  1  T  field:  570 
kA/cm2  at  10  K,  350  kA/cm2  at  20  K  and  40 
kA/cm2  at  30  K.  Besides,  the  materials 
demonstrated  high  mechanical  characteristics 
(microhardness,  fracture  toughness,  Young 
modulus). 

We  have  found  that  the  Ta  presence  during  HP 
synthesis  (especially)  or  sintering  process  (in  the 
form  of  a  foil  that  covered  the  sample  and  as  an 
addition  of  Ta  powder  of  about  2-10  wt.%  to  the 
starting  mixture  of  B  and  Mg  or  to  MgB2  powder) 
increases  the  (jc)  in  the  magnetic  fields  up  to  10  T 
and  the  Hirr  of  MgB2-based  bulk  materials. 

We  succeeded  in  the  HP  synthesis  of  MgB2-based 
materials  with  jc  and  HjrT  higher  than  those 
reported  by  Kijoon  H.  P.  Kim  et  al.  [1]  Fig.l,  i.e. 
with  the  highest  ones  that  ever  have  been  reported 
for  bulk  MgB2. 


crystal  inclusions  (from  the  micron  or  even  less  to 
dozen  microns  in  size)  of  Mg-B  phase  (MgB2)  are 
distributed  in  the  matrix. 

We  observed  the  strong  evidences  that  Ta  absorbs 
gases  during  synthesis  and  sintering  to  form  Ta2H, 
TaH  and  TaN0.i  and  prevents  from  or  reduces  the 
formation  of  MgH2  (both  with  orthorhombic  and 
tetragonal  structures)  as  well  as  essentially 
reduces  the  amount  of  impurity  nitrogen  and 
oxygen  in  black  MgB2.  No  Ta-Mg,  Ta-B  or  Ta- 
Mg-B  compounds  have  been  found. 

The  samples  with  higher  jc  and  Hirr  have  the 
higher  density  of  Mg-B  (MgB2)  inclusions  in  their 
matrix,  i.e.  the  higher  amount  of  black  grains. 
Besides.  in  the  samples  with  better 
superconductive  properties,  these  black  Mg-B 
inclusions  contain  a  higher  amount  of  boron  than 
that  in  the  samples  with  worse  superconductive 
characteristics  while  the  amount  of  magnesium  is 
about  the  same.  The  sumples  with  better 
superconductive  properties  also  contained  a 
higher  amount  of  unreacted  magnesium  in  the 
matrix  phase. 

Positive  influences  of  Ta  are  much  more 
pronounced  in  the  synthesis  process  than  in  the 
sintering  one.  The  presence  of  Ta  extends  the 
temperature  region  of  synthesis  of  a  material  with 
high  jc  and  Hirr. 

The  results  of  investigations  of  mechanical 
properties  are  given  in  Table  1.  The  black 
inclusions  (MgB2  single  crystals)  have  hardness 
higher  than  that  of  sapphire. 


High-pressure  synthesized  or  sintered  samples  The  attained  level  of  superconductive  and 

have  a  multiphase  nanostructure.  As  SEM  study  mechanical  properties  of  the  high-pressure 

shows  the  matrix  phase  of  the  samples  consists  synthesized  MgB2  and  the  possibility  to  produce 

mainly  of  Mg,  B,  O.  The  black  grains  or  single 
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large  bulk  MgB2  products  make  this  material  very 
promising  for  practical  applications. 

Reference 

1.  Kijoon  H.  P.  Kim,  W.  N.  Kang,  Mun- 
Seog  Kim,  C.U.  Jung,  Hyeong-Jin  Kim,  Eun-Mi 


Choi,  Min-Seok,  Park  &  Sung-Ik  Lee,  “Origin  of 
the  high  DC  transport  critical  current  density  for 
the  MgB2  superconductor”,  cond-mat/Q\03\16. 
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Fig.  1 .  Data  on  critical  current  density  jc  vs.  magnetic  field  pH0  for  the  bulk  MgB2  samples: 
solid  symbols  -  high  pressure  synthesized  at  2GPa,  800  -  900  °C,  lh  from  Mg  and  B  by  the  authors; 
open  symbols  -  high  pressure  sintered  from  MgB2  powder  at  3  GPa,  950°C  by  K.H.P.  Kim  et  al.  [1], 


Table  1.  Results  of  micro-(  Vickers  indent)  and  nanohardness  (Berkovich  indent)  investigations  of 
the  sintered  MgB2  samples 


Characteristics 

Matrix  phase 
of  the 
samples 

Single  crystal 
MgB2 

Sapphire, 

A12C>3 

60  -  mN-load 

Nanohardnes,  HB,  GPa 

17.4±1.1 

35.6+0.9 

31.1+2.0 

Young  modulus,  E,  GPa 

213+18 

385+14 

416+22 

4.96  N-load 

Vickers  microhardness,  Hv,  GPa 

17.1+1.1 1 

- 

- 

147.2-N  load 

Fracture  toughness,  K]Ci  MN/m-J// 

7. 6+2.0 

- 

- 

Vickers  microhardness,  Hv,  GPa 

10.12+0.2 

- 

- 
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SILVER  -  CARBON  COMPOSITE  MATERIALS  HIGH  IN  CARBON. 
STRUCTURE  AND  PROPERTIES 


Minakova  R.V.,  Zatovskiy  V.G.,  Kryachko  L.A.,  Lukovich  V.V.,  Cartuzov  V.V., 
Golovkova  M.E.,  Yencvich  V.G.,  Susidko  V.L. (1) 

Frantsevich  Institute  for  Problems  of  Materials  Science  NAS  of  Ukraine,  Kiev,  Ukraine 

(l)  Ukrzaliznytsia,  Kiev,  Ukraine 


Ag-C  composite  materials  (CM),  with  3-60  % 
carbon  (by  weight)  arc  traditionally  used  in 
switching  devices  as  explosive  and  sliding 
contacts.  The  phenomenon  of  electrical  erosion  of 
explosive  contacts  from  Ag-C  CM  wdth  3-5  % 
carbon  (graphite)  and  a  different  dispersi vity  of  its 
particles  were  investigated,  for  example,  in  [1,2]. 
The  detected  features  of  influence  of  the  graphite 
particles  sizes  in  CM  on  structural  changes  in  a 
working  layer  have  shown,  that  the  nature  of  the 
physic-chemical  phenomena  under  influence  of  arc 
discharge  is  not  completely  found  out,  and  the 
opportunities  of  structure  optimization  are  not 
reached  one's  limit.  The  information  about 
behaviour  of  explosive  contacts  with  heightened 
contents  of  graphite  up  to  60-wt  %  (up  to  90 
vol.  %)  the  practically  are  unknown,  though  these 
materials  arc  widely  used  in  relay  systems.  In  the 
given  work  of  a  research  results  explosive  contacts 
material  erosion  (asymmetric  pair)  are  submitted: 
stationary  contact,  containing  40  %  Ag  and  60  % 
carbon  (graphite)  of  a  type  BAP1 12/1  (Russia)  and 
movable  one  from  silver.  The  purpose  of  this 
research  is  the  exploration  of  optimization 
opportunities  of  structure  and  properties  of  CM 
Ag-C  with  the  heightened  content  carbon,  for 
achievement  of  required  functional  properties  of 
contacts  and  reliability  of  the  relay  equipped  by 
them.  The  testing  of  contacts  are  carried  out  in  the 
mix  of  the  relay  JI3TA  (Ukraine)  wdth  an  operating 
time  2-106  cycles.  The  switched  current  -  direct  (U 
=  24  B).  load  -  inductive,  varied  from  0,40  up  to 
0,12  H  by  resistance  from  1500  up  to  214  Oh.  that 
corresponds  to  a  current  from  18  up  to  126  Ma. 
The  shape,  sizes  of  erosion  traces  and  their 
structural  features  were  investigated  by  the 
methods  of  optical  structural  analysis,  scanning 
electronic  microscopy  etc. 

The  analysis  of  structural  changes  in  a  working 
layers  of  asymmetric  pair  contacts  testifies  to 
localization  of  discharge  operation  and 
heterogeneity  of  trace  depth  on  the  occupied  area 
with  increase  of  a  switched  current.  A  series  of 
erosive  trace  representative  features,  w'hich  can  be 
attributed  to  the  following  basic  aspects  of 


electrocrosive  destruction  were  observed  in  a 
selected  interval  of  loads.  First  of  them  -  failure 
and  ablation  Ag-C  material  of  a  stationary  contact, 
occurs  in  a  solid  phase  wdth  settling  out  of  the  fine 
flaky  graphite  particles  and  of  the  silver  spherical 
particles  on  movable  contact.  The  particles  of 
graphite  of  CM  are  dividing,  sublimating, 
acquiring  of  carbon  black  character;  the  particles 
of  silver  are  burning-off,  spheroidizing  and 
fractionally  evaporating.  Apparently,  the  features 
of  morphology  of  movable  contact  working  layer 
arc  concerned  wdth  it,  fig.  1.  Other  mode  of  failure 
of  CM  of  the  stationary  contact  working  layer  is 
concerned  with  removal  of  graphite  in  a  gas  phase, 
burn-off  of  silver  particles,  shaping  in  its 
crystallization  of  a  porous  skeleton.  The  character 
of  secondary  structure  wdth  increase  of  discharge 
current  force  testifies  to  a  preferential  role  of 
carbon  in  forming  arc  discharge.  Thus  carriers  of 
charges  are  the  products  of  carbon  (graphite) 
interaction  with  oxygen,  their  decomposition  and 
ionization.  With  increase  of  commutation  number 
the  porous  skeleton  on  the  basis  of  silver  is 
deformed.  Under  effect  of  a  thermal  stream  of 
discharge  burn-off  of  these  skeleton  sites  occurs. 
The  bad  w'etting  of  graphite  by  silver  melt  causes 
the  consolidation  of  these  sites  in  extended  fields, 
and  formation  continuous  grid  or  fragments  of  this 
grid  in  the  cells  of  which  grains  of  graphite  and 
their  conglomerates  were  founded,  fig.  2.  This  fact 
and  knobs  toroidal  shape  on  a  surface  of  movable 
contacts  testify  to  a  saved  role  of  graphite  as 
generator  of  discharge  carriers  during  an 
investigated  amount  of  commutation  cycles.  To 
find  an  explanation  of  experimentally  detected 
mode  failure  the  simulation  of  discharge  thermal 
stream  influence  on  CM  Ag-C  with  the  different 
contents  of  graphite  and  size  of  elementary  volume 
in  a  modeled  composite  w'as  undertaken. 
Elementary  volume  of  graphite  in  CM  w'as  chosen 
as  cube,  with  sides  covered  by  continuous  silver 
layers.  Simulation  of  chosen  parameters  influence 
on  a  temperature  field  in  elementary  volume  and 
time  of 
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Fig.  1  -  Working  layer 

surface  structure  after  test 
movable  contact  within  the 
relays 


Fig.  2  -  Working  layer 
secondary  structure  after  test 
stationary  contact  within  the 
relays 


heating  of  graphite  up  to  temperature  sublimation 
were  carried  out  with  the  help  of  the  decision 
thermal  conduction  three-dimensional  task  [3]. 
The  computer  realization  of  mathematical  model 
has  allowed  to  establish  regularity  of  the 
temperature  distribution  in  elementary  volumes  at 
given  their  size  (40,  80  and  100  microns),  thermal 
stream  ( 1 09- 

104  W)  and  of  graphite  and  silver  ratio  (0,903- 
0,729).  It  is  found,  that  the  more  elementary 
volume,  the  more  variance  between  temperature  at 
its  center  (T,)  and  a  rim,  boundaries  of  graphite 
and  silver  coverage  (T2).  This  result  confirms  an 
opportunity  of  destruction  of  graphite  in  a  gas 
phase  in  conditions,  when  the  silver  was  not 
heated  yet  to  temperature  of  boiling,  fig.  3. 


Fig.  3  -  Model  representations  about  heat  distribution  in 
composite  elementary  volume  (their  size:  a  -  80;  b  -  40 
microns) 

The  dates  of  theoretical  simulation  confirm  an 
opportunity  of  a  skeleton  formation  on  the  basis  of 
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Fig.  4  -  Influence  of  the  basic  components  content  ratio  and 
elementary  volume  size  on  its  heating  time 


silver.  They  testify  also  that  a  basic  principle  of 
formation  of  CM  with  the  heightened  contents  of 
graphite  should  be  creation  of  silver  matrix 
structure  in  a  composite.  Its  saving  with  increase 
of  an  amount  of  an  operating  age  cycles  will 
promote  stability  of  transition  resistance  in  these 
conditions.  The  chosen  technological  cycle  gives 
such  opportunity.  Precision  regulation 
granulometric  composition  of  graphite  and  the 
distribution  of  silver  in  a  technological  cycle  take 
into  account  necessity  of  saving  at  a  required  level 
of  resistance  welding.  It  is  assumed  that  it  is 
achieved  as  a  result  of  an  ejection  role  heightening 
of  a  structural  component  on  the  silver  basis  from 
a  surface  of  a  stationary  contact.  Besides  is 
established,  that  the  alignment  of  temperature  in 
CM  on  depth  occurs  faster  with  lowering  of  the 
graphite  elementary  volumes  size,  and  the  working 
surface  is  heated  faster  at  their  integration,  fig.  4. 
With  increase  of  the  graphite  contents  and  of  the 
elementary  volume  size  the  time  of  its  heating  up 
to  temperature  close  to  sublimation  temperature  is 
reduced.  This  fact  and  interaction  in  a  system  C-O, 
heightening  of  a  role  stripped  influence  on  arc 
discharge  of  interaction  products  will  favor  of 
explosive  contacts  erosion  lowering. 
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ORGANIC-INORGANIC  NANOSTRUCTURAL  COMPOSITE  COATINGS 
PREPARED  BY  SOL-GEL  PROCESSING 

Shilova  O.A.,  Tarasyuk  E.V.,  Shevchenko  V.V.(1),  Klimenko  N.S. (1),  Hashkovsky  S.V., 

Shilov  V.V(1) 

Institute  of  Silicate  Chemistry  of  Russian  Academy  of  Sciences,  St.Perersburg,  Russia 
^Institute  of  Macromolecular  Chemistry,  Ukraine  National  Academy  of  Sciences,  Kyiv,  Ukraine 


Sol-gel  technology  has  experienced  an  explosive 
growth  in  two  past  decades  and  research 
achievements  in  this  field  are  very  fruitful.  [1,2]. 
Among  sol-gel  products  are  known  different  kinds 
of  materials  such  as  glass,  ceramics,  organic- 
inorganic  hybrids  composites  as  well  as  coatings, 
fibers,  membranes.  Here  temperature-resistant 
glass-ceramic  and  organic-inorganic  hybrids 
coatings  prepared  using  sol-gel  synthesis  arc 
considered  with  a  point  of  view  of  their  properties 
and  application. 

Temperature-resistant  ceramic  coatings  formed  by 
sol-gel  method  from  sols  containing  fillers  are 
extremely  perspective  for  application  as  electric 
insulating  and  radiotolerant  coatings  for  electrical 
engineering  and  power  industry  including  nuclear 
power  stations.  The  approach  to  prepare  such 
coatings  has  been  developed  by  A.  Borisenko  and 
co-workers  [3,4],  Now  these  investigations  are 
actively  developed  because  the  new  requirements 
to  such  coatings  are  appeared.  Except  for 
electrical  parameters,  such  properties  as  elasticity 
and  flexibility  are  important  operating  ones.  These 
parameters  are  especially  critical  for  using  in 
different  miniature  electric  engineering  devices 
It  is  known  organic  or  polymeric  additives  arc 
involved  in  sols  to  increase  elasticity  of  sol- 
derived  hybrid  organic-inorganic  materials  and 
coatings  [1,5].  Different  types  of  organic- 
inorganic  hybrids:  CERAMERS,  ORMOCERS, 
ORMOSILs  and  ORMOLYTs  as  well  as  films, 
coatings  and  membranes  based  on  such  materials 
have  been  successfully  synthesized. 

The  organic-inorganic  hybrid  materials  are 
usually  prepared  by  various  routes  or  by  means  of 
introduction  of  inorganic  particles  into  organic 
materials  or  by  means  of  plasticization  of 
inorganic  materials  by  organic  substances  such  as 
polymers  [1,6,7],  The  corresponding  hybrid 
nanomaterials  and  coatings  arc  now  the  following 
new  generation  of  "designer  materials".  One  of 
effective  ways  of  preparing  such  materials  is  the 
sol-gel  method. 


Here  we  search  for  ways  of  improvement  of 
ceramic  coating  flexibility  keeping  at  the  same 
time  good  electrical  properties  of  theirs.  The 
approach  for  improving  bending  strength  of  the 
corresponding  temperature-resistant  flexible 
ceramic  electric  insulating  coatings  is  considered. 
The  first  investigations  have  carried  our  by  us  and 
published  elsewhere  [8-10].  Here  we  have 
extended  a  number  of  high-molecular  additives 
used  in  the  starting  sols. 

Starting  suspensions,  based  on  both 
tetraethoxysilane  (TEOS)-derived  modified  sols 
and  high  disperse  fillers  such  as  Cr203,  are  used  to 
deposit  the  coatings  on  metals  and  alloys.  The  low 
and  high  molecular  substances  are  tested  as 
additives  for  improving  flexibility  of  the  ceramic 
coating.  As  organic  low  and  high  molecular 
weight  components  were  taken  hydroxyl 
containing  substances  with  various  amounts  of 
OH  groups  such  as  glycerol  (three  OH  groups), 
polyethylene  glycol)  (PEG)  of  molecular  weight 
300  (two  OH  end  groups),  branched 
polyurethancurea  (BPUM)  of  molecular  weight 
4200  (six  OH  end  groups),  as  well  as  three-arm 
hyperbranched  polymer  (HPB)  (twelve  OH 
peripheral  groups).  The  influence  of  organic 
components  on  both  sol  stability  and  suspension 
covering  capacity  was  estimated  visually  as  well 
as  by  means  of  both  the  viscosity  and  sol  wetting 
ability  measurements. 

The  results  of  research  of  both  bending  and 
electrical  strength  of  the  flexible  hybrid  organic- 
inorganic  insulation  formed  on  nichrome  wire  are 
discussed.  The  results  of  investigations  of 
chemical  and  phase  structure  of  the  coatings 
obtained  by  heat  treatment  at  temperature  from 
500  to  1100°  C  using  DSC,  thermal  analysis  and 
as  well  X-ray  diffraction  techniques  are 
represented.  Both  the  electron  probe 
microanalysis  and  scanning  electron  microscopy 
studies  was  carried  out  using  Camebax 
microanalyzer. 
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The  parameters  of  the  flexible  electric  insulation 
are  high  enough  for  extremely  thin  coatings  (8-25 
mkm).  It  was  important  that  the  additive 
influences  positively  on  both  bending  strength  and 
electric  strength  of  the  coatings.  The  value  of 
breakdown  voltage  reaches  550  V  for  the  line  wire 
and  240  V  for  the  wire  of  coil  winding,  in  the  case 
of  a  coil  diameter  8mm.  The  additives  used  by  us 
lead  to  increase  the  bending  strength  value  by  a 
factor  of  1.5-4  in  comparison  with  those  of  the 
pure  ceramic  coatings.  It  is  worth  to  mention  that 
a  thickness  of  the  coatings  prepared  by  the  one- 
step  deposition  process  from  the  suspensions 
containing  BPUM  and  HPB  is  far  larger  than  the 
thickness  of  the  coatings  prepared  using  other 
additives  or  without  ones. 

The  SEM-image  of  the  glassceramic  coating  as 
well  as  the  hybrid  coating  prepared  using  BPUM, 
as  an  additive,  are  shown  in  Figure. 


Fig.  SEM-image  of  a  cross  section  of  the  hybrid 
organic-inorganic  coating  formed  using  the 
suspension  with  BPUM  (B)  and  the  silicate 
glassceramic  coating  without  BPUM  (A). 

The  hybrid  coating  is  thicker  and  of  less  dense 
structure  than  ceramic  coating.  The  latter  also 
exerts  a  salutary  effect  on  winding  of  wires  on 
coils  due  to  reduction  of  cohesion  forces  and 
increase  of  adhesive  forces  of  the  coating  to  a 
substrate. 


Thus,  incorporation  of  the  above-mentioned 
organic  low  and  high  molecular  weight  additives 
into  the  suspension  of  a  type:  TEOS-derived 
modified  sol  /  Cr203  leads  to  increase  of  a 
flexibility  of  the  ceramic  coatings  obtained.  At 
that  the  electrical  strength  value  is  not  worsened 
and  at  the  expense  of  increasing  thickness  of 
coatings  even  is  raised. 
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The  main  driving  force  of  R&D  of 
bioceramics  is  its  market  price  and 
humanitarian  value  of  these  developments. 
Restoration  and  maintenance  of  health  and 
functions  of  a  human  organism  quickly 
becomes  the  most  essential  priority  during 
peaceful  progress  of  high  technology  society. 
The  example  of  USA  is  very  indicative  in 
this  respect  as  far  as  before  events  of 
September  2001  expenditures  on  health  in  the 
USA  have  been  almost  equal  to  the  total 
spending  on  army  and  state.  Diseases  of  bone 
tissue  confidently  take  the  third  place  (after 
cordial  -  vascular  and  cancer  diseases)  among 
reasons  of  death  and  disablement  of  the 
population.  By  number  of  visits  to  clinics 
(taking  into  account  dentistry  problems)  bone 
diseases  took  the  first  place  long  ago.  The 
people  having  completely  healthy  bone  tissue 
can  be  found  extremely  rarely. 

During  two  last  decades  bioceramics 
proved  high  efficiency  and  reliability  at 
different  surgical  operations  of  bone  tissue 
restoration.  Among  all  synthetic  implanted 
materials  the  bioceramics  causes  the  least 
disturbances  in  human  organism,  to  the 
greatest  degree  harmonizes  with  natural 
processes  of  bone  tissue  restoration  and 
promises  the  most  rapid  progress  in  further 
improvement.  Besides  the  restoration  of  bone 
tissue  the  bioceramics  have  a  lot  of  others 
medical  application  -  can  be  used  as  drug 
delivery  systems,  sorbents,  ion  exchangers, 
food  additives.  Applying  the  modern 
principles  of  biomimetics  permits  to  plan 
new  more  substantial  usage  of  bioceramics 
based  materials  for  restoration  of  human's 
health,  designing  of  new  pharmaceuticals, 
etc.  The  listed  factors  explain 

considerable  attention  researchers  and 


surgeons  to  investigation  of  the  materials  and 
improvement  methods  of  their  medical 
application. 

In  addition  to  applied  usage  in  surgery, 
research  and  modification  of  fundamental 
properties  of  bioactive  ceramics  assigned  for 
bone  tissue  restoration  opens  path  to  study 
and  modeling  the  processes  of  functioning  of 
the  alive  bone  which  is  the  most  perfect  of  all 
known  nanostructured  materials  (and 
generally  -  to  study  principles  of  designing  of 
nanostructured  materials).  Even  now.  on  the 
basis  of  inexact  and  imperfect  knowledge  it 
can  be  asserted  that  quantity  and  complexity 
of  miscellaneous  fundamental  phenomena 
and  processes,  that  are  utilized  by  the  Nature 
for  construction  and  functioning  of  a  bone, 
much  more  exceeds  the  complexity  of 

processes,  for  example,  in  chips  of  big 
integrated  circuits.  The  precision  of 

assembling  of  bone  elements  exceeds  on  the 
orders  of  value  the  same  parameters  of 

integrated  circuits. 

Besides,  the  same  path  of  research  of 
fundamental  properties  of  bioactive  ceramics 
is  indispensable  for  development  of 
biosensors  -  materials  and  microdevices  for 
control  and  monitoring  of  different  systems 
of  an  organism,  as  well  as  sensors  for 
technical  systems.  The  selection  of 

hydroxyapatite  (HAP)  as  main  basis  for 
biosensors  was  made  in  fact  by  nature  on  its 
own,  as  the  HAP  is  the  only  inorganic  matter 
selected  by  the  nature  for  functioning  of  the 
most  perfect  product  of  the  nature  -  the 
human  being.  Just  therefore  some 
modifications  of  synthetic  HAP  guarantee 
full  biocompatibility  and  equilibrium  of  the 
implanted  material  with  human  organism, 
and  do  not  cause  any  disturbances  or 
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violations  of  the  bioenvironment. 

Therefore,  taking  into  account  the 
multiplicity  and  variability  of  HAP 
properties,  only  on  its  basis  it  is 

expedient  to  design  microdevices  for 

monitoring  internal  systems  of  living 
organism. 

The  ways  to  improve  medical 

applications  of  bioceramics  are  based,  first  of 
all,  on  investigation  of  methods  of 
modifications  of  those  physical  parameters 
of  bioceramics,  which  determine  functioning 
of  inorganic  components  of  a  bone  in  an 
alive  organism.  The  set  of  these  properties 
appears  rather  miscellaneous.  Being  based 
just  on  simplest  ideas  about  surface 
modification  of  HAP  crystals  of  bone, 
absence  of  OH  groups  and  presence  of 
carbonate  radicals  and  other  elements  in  the 
bone  HAP,  electrostatic  nature  of  interaction 
of  butt-ends  of  bone  HAP  crystals  with 
untwined  and  charged  butt  ends  of  collagen 
molecules,  this  set  includes  such  phenomena 
as  adsorption,  formation  of  solid  solutions 
with  some  elements  and  salts,  formation  and 
physics  of  local  charged  centers  in  HAP 
microcrystals,  mechanoelectric  effects  etc. 
Taking  into  consideration  role  of  bone 
mineral  as  the  main  reservoir  of  ions  in  the 
living  body  (for  it  contains  about  99  %  of 
the  total  body  calcium,  85  %  of  body 
phosphorus,  90  %  of  body  sodium  and  50  /o 
magnesium),  it  is  very  important  to  study 
transport  of  different  ions  and  electrons  in 
imperfect  HAP  crystals  and  all  related 
phenomena.  Interesting  results  on  interaction 
of  bone  HAP  crystals  with  organic  molecules 
were  received  by  EPR  and  DNMR  methods. 

The  fundamental  approach  to  study  and 
control  of  properties  of  bioceramics  as  well 
as  last  data  of  detailed  researches  of  bone 
mineral,  component  has  resulted  in 
considerable  modification  of  biocreamics. 
Except  of  usual  division  of  these 
materials  on  bioinert,  bioactive  and  resorbed 
ceramics  the  concept  of 


biofunctionalization  of  ceramics  have 
appeared  which  includes  imparting  to  surface 
layer  or  volume  of  ceramics  the  special 
properties  boosting  particular  reaction  of 
biochemical  and  cellular  systems  of  an 
organism.  In  the  best  developments  all  these 
kinds  of  bioceramics  (or  some  of  them)  are 
integrated  in  one  implant  executing  a  given 
functions.  At  the  same  time  it  is  necessary  to 
take  into  consideration  the  general  principle 
of  multilateral  interaction  of  implanted 
material  and  organism  -  corrosion  of 
bioceramics  as  result  of  complex 
interconsistent  action  of  different  systems  of 
organism  and  complex  changes  in  the 
organism  due  to  action  on  the  organism  of 
the  biomaterial  and  products  of  its  corrosion. 
All  this  knowledge  allows  proceeding  to 
bioimitation  -  restoration  with  the  help  of 
implants  made  on  the  basis  of  modificated 
bioceramics  of  some  particular  physiological 
and  functional  properties  of  separate  organs 
of  the  organism.  The  number  of  tasks  which 
can  be  solved  by  such  method  is  permanently 
growing  at  the  expense  of  new  knowledge 
and  technological  capabilities  -  for  example, 
already  now  speech  goes  about  formation 
with  the  help  of  bioceramics  separate  micro 
blood  vessels  and  nerve  fibers. 

The  outlined  way  of  R&D  of  the 
newest  generation  of  bioceramic  implants 
based  on  biomimetic  engineering  requires  to 
integrate  the  latest  data  in  different  branches 
of  science  and  wide  technological 
capabilities.  It  explains  concentration  of  such 
developments  in  large  multiple-discipline 
scientific  institutes  or  rather  large-scale  firms 
with  big  scientific  potential  as  well  as 
existence  of  fair  quantity  of  counterfeits  and 
low-grade  bioceramic  implants. 
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The  problem  of  production  of  lithium  solid-state 
power  sources  with  high  characteristics  is 
intimately  bound  with  a  problem  of  synthesis  of  a 
solid  electrolyte.  The  search  for  basic  phases  for 
new  chemically  and  thermally  resistant  electrolytes 
is  highly  actual  one.  The  complex  oxides 
La2/3-xLi3x  4/3-2xNb206,  have  been  obtained  by 
substitution  of  Li+  for  La3+  in  lanthanum  niobate 
with  the  structure  of  defect  perovskite 
La2/3  4/3Nb206  [1].  These  phases  can  be  promising 
ones  because  of  the  presence  of  rigid  framework 
structure  of  crystalline  lattice,  migration  channels 
and  vacancies  which  provide  free  transport  of 
charge  carriers  -  the  ions  of  lithium. 


T-293  K 
T=573  K 
T=373  K 
T=473  K 


0.6 


a) 


s-l- 

o 


-3- 


O 
°-5-  / 

r-f 

IL_ 

0 


i  A2' 


■  <7!' 


V, 


0.2  0.4 

X 


The  purpose  of  this  work  was  the  investigation  of 
synthesis  conditions,  phase  transformations, 
crystal-chemical  peculiarities,  and  electrophysical 
properties  of  the  systems  La2/3.xLi3x4/3..2xMe206 
(where  Me  =  Nb;  Ta). 

The  phase  transformations  accompanying  synthesis 
of  lithium-containing  lanthanum  niobates  and 
tantalates  with  the  structure  of  the  defect 
perovskite  have  been  investigated.  It  has  been 
marked  out  the  peculiarities  of  phase-formation  in 
the  system  of  lanthanum  -  lithium  tantalates  to 
consist  in  a  higher  order  of  structural 
transformations  and  the  formation  of  lithium- 
containing  tantalate  based  on  non-lithium  structure 
with  the  defect  perovskite  type.  In  the  systems 
examined  the  optimum  requirements  to  the 
processing  of  single-phase  materials  have  been 
determined.  The  temperature  and  concentration 
ranges  of  single-phase  materials  as  well  as  their 
homogeneity  regions  have  been  defined.  The 
nature  of  solid  solutions  La2/3.xLi3X4/3.2xMe206 
(Me=Nb;  Ta)  was  studied  by  means  of  analysis  of 
concentration  dependence  of  their  crystallographic 
parameters.  Both  substitution  and  intercalation 
solid  solutions  have  been  determined  to  form 
within  the  homogeneity  regions  (Figure).  Both 
concentration  and  temperature  dependence  of  the 
conductivity  of  the  materials  synthesized  have 
been  examined. 
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Figure  The  isotherms  of  the  ionic  conductivity 
(logo)  in  the  systems:  a)  La2,3-X4/3-2xLi3xNb206; 
b)  La2/3_x  4/3.2xLi3xTa206  (x  -  lithium 
concentration). 


The  lithium  ions  conductivity  has  been  calculated 
taking  into  account  the  use  of  turn  off  electrodes 
according  to  Ref.  [2],  Electron  component  of  the 
conductivity  was  measured  at  DC  (0.5  V).  At  570 
K  this  value  did  not  exceed  0.05  %.  The 
correlation  between  lattice  parameters,  chemical 
composition,  and  transport  properties  of  La2/3_ 
xLi3x  4/3-2xMe206  (Me=Nb;  Ta)  has  been 
determined. 
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The  results  allow  the  assumption  that  there  is  an 
opportunity  in  enhancement  of  the  conductivity  by 
means  of  modifying  structure  towards  an  increase 
in  the  quantity  of  mobile  lithium  ions,  vacancies 
and/or  sizes  of  migration  channels. 

The  influence  of  dispersion  medium  on  the 
formation,  microstructure  and  properties  of 
lithium-containing  lanthanum  niobate  has  been 
also  investigated.  By  means  of  XRD,  electron 
spectroscopy,  and  electrophysical  measurements 
the  dispersion  of  the  mixture  of  raw  components  in 
both  aqueous  and  alcohol  mediums,  in  comparison 
with  that  of  acetone,  has  been  shown  to  accelerate 
the  formation  of  the  perovskite  phase  and  provide 


the  formation  of  the  ceramics  with  higher  both 
density  and  conductivity  values. 

Thus,  lithium-containing  lanthanum  niobates  and 
tantalates  have  been  shown  to  be  the  promising 
basis  for  the  production  of  solid  state  electrolytes 
with  high  lithium  ion  conductivity. 
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Introduction 

When  developing  communication  systems 
operating  at  UHF  frequency  range  a  need  arises  in 
the  utilization  of  the  materials  with  a  high 
dielectric  permittivity  (s  >  100).  These  materials 
are  urgent  for  the  producing  resonant  elements  of 
filtering  or  oscillating  devices  (solid-state 
oscillators-  DRO.  UHF  filters).  The  effective  size 
of  these  elements  decrease  in  the  proportion  to 
when  increasing  the  permittivity  of  the  materials 
utilized.  Another  important  requirements  to  UHF 
dielectric  materials  are  also  both  low  dielectric 
loss  in  operating  frequency  region  (tg<5)  to  provide 
high  Q-factor  of  a  resonant  element  and  high 
temperature  stability  of  the  permittivity 
determined  by  its  temperature  coefficient  (tc). 

To  date  the  materials  based  on  barium 
lanthanides  solid  solutions  Ba6.xLn8+2*y3Ti18054  are 
generally  used  as  high-permittivity  temperature 
stable  UHF  materials.  However,  the  e  values  of 
these  materials  do  not  mostly  exceed  100,  that 
does  not  allow  the  efficient  solution  of 
miniaturization  problem.  That  is  why  the  search 
and  investigation  into  the  new  dielectric  materials 
with  the  permittivity  of  above  100-200  still 
remain  to  be  an  essential  scientific  problem  of 
UHF  technique. 

High-£  materials  desired  could  be 
synthesized,  in  particular,  when  using  solid 
solutions  of  ferro-  and  antiferroelectrics  with  the 
different  temperature  of  the  phase  transitions  as 
the  basis  for  the  further  material  development  [1], 
To  this  aim,  amongst  others  the  source  materials 
based  on  the  complex  niobium  oxides  with  the 
defect  perovskite  structure  could  be  considered  as 
the  most  promising  candidates. 

On  the  one  hand  sodium  niobate 
(NaNb03),  which  has  the  perovskite  structure,  is 
known  to  be  antiferrroelectric  one  with  the  phase 
transition  temperature  of  above  300°C  [2]  with  the 
permittivity  characterized  by  the  positive 
temperature  coefficient  (tx  >  0)  near  the  room 
temperature.  On  the  other  hand  it  is  known  that 
the  niobates  of  rare-earth  elements  (Ln2/3Nb206, 
where  Ln  =  La  -  Nd),  have  the  structure  of  the 
defect  perovskite,  in  which  4/3  of  crystallographic 
sites  in  the  sublattice  of  rare-earth  element  are 


vacant.  However,  there  are  only  few  data  related 
to  electrophysical  properties  of  the  niobates  of 
rare-earth  elements  Ln2/3Nb206.  When  examined 
electrophysical  properties  of  the  niobates 
La2/3Nb206  and  Nd2/3Nb206  at  low  frequencies 
(103-104  Hz)  the  authors  of  [3,4]  measured  the 
high  values  of  their  permittivity  (s  =  200  h  50 
respectively).  However,  it  is  difficult  to  make 
correct  conclusions  on  the  trends  of  high  s  in  the 
studied  objects  when  basing  only  on  low- 
frequency  measurements  because  of  the  presence 
of  low-frequency  polarization  mechanisms. 
Moreover,  the  analysis  of  the  literature  data  [5] 
allows  for  the  assumption  that  around  the  room 
temperature  niobates  of  rare-earth  elements 
Ln2/3Nb206  (where  Ln  =  La  -  Nd)  could  have  the 
negative  temperature  coefficient  of  permittivity 
(U<  0). 

Recently,  it  has  been  confirmed  the 
formation  of  wide-range  region  of  solid  solutions 
in  the  systems  Ln2/3Nb206  -  NaNb03  (where  Ln  = 
La,  Nd)  with  the  perovskite  structure  [6,7], 
However,  the  data  on  their  electrophysical 
properties  are  still  not  examined.  Therefore,  the 
target  of  the  work  presented  was  to  investigate 
both  the  dielectric  properties,  and  their 
temperature  trends  as  well,  of  the  materials  in  the 
following  systems:  (l-3x/2)La2/3Nb206-3xNaNb03 
and  (l-3x/2)  Nd2/3Nb206  -  3vNaNb03  over  the 
wide  frequency  and  temperature  ranges,  and  the 
possibility  of  producing  temperature  stable  UHF 
dielectrics  with  high  permittivity  based  on  the 
systems  examined. 

Results  and  discussion 

Ceramic  materials  in  the  system  Na20  - 
Ln203  -  Nb205,  where  Ln  -  La,  Nd,  have  been 
synthesized  by  solid  phase  reaction  technique 
from  extra  pure  raw  reagents.  Dielectric  properties 
(f  and  tg 8)  of  sintered  polycrystalline  samples 
with  the  chemical  compositions  La(Nd)2/3. 
xNa3xNb206  within  the  x-range  of  0<x<2/3  have 
been  examined  within  the  frequency  range  of  104- 
10'°  Hz. 

When  investigating  niobates  of  rare-earth 
elements  La2/3Nb206  and  Nd2/3Nb206  the 
anomalies  of  unknown  nature  on  the  temperature 
dependencies  of  dielectric  parameters  (f(T)  and 
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tg8>(T))  have  been  revealed  in  the  MW  range  (109 
-  1010Hz),  which  are  not  related  with  the  materials 
processing.  When  decreasing  ionic  radii  of  rare- 
earth  element  from  that  of  lanthanum  to  that  of 
neodymium  the  anomaly’s  temperature  region 
shifts  towards  higher  temperatures  (Fig.  1).  When 
increasing  the  measurement  frequency  the 
temperature  behavior  of  the  permittivity  of  the 
niobates  La2/3Nb206  and  Nd2/3Nb206  changes  its 
trend  (xs  changes  its  sign  in  the  vicinity  of  the 
room  temperature).  This  behavior  of  the  dielectric 
parameters  in  the  materials  with  the  composition 
Ln2/3Nb206  could  be  related  with  the  presence  of 
high  concentration  of  structural  vacancies  in  the 
sublattice  of  rare-earth  element. 


-100  -50  6  50  100J,  °C 


Fig.  1. Temperature  dependencies  of  the 

permittivity  e  (a)  and  dielectric  loss  tangent 
tg5  (b)  of  the  materials  with  the  chemical 
composition  La2/3Nb206  (1,1’);  Nd2/3Nb206 
(2,2’)  at  the  frequency  1010Hz. 

Within  the  range  of  the  chemical 
compositions  corresponding  to  5/12<x<7/12  -in 
the  case  of  La  containing  materials-  as  well  as  in 
that  range  corresponding  to  6/12<r<7/12-in  the 
case  of  Nd  containing  compositions- 
spontaneously  polarized  state  was  observed  in  the 
materials  Ln2/3.xNa3XNb206  characterized  by  the 
maximum  on  the  temperature  dependence  of  the 
permittivity  (Fig. 2).  Moreover,  the  noticeable 
hysteresis  has  been  revealed  on  the  dependence 
£(T)  for  these  materials  without  the  changes 
subject  to  increasing  measurement  frequency  from 
106  to  109.  Observed  behavior  of  the  permittivity 
versus  temperature  and  frequency  denote  the 
possible  heterogeneity  of  the  compositional 
ordering  due  to  the  presence  of  the  ordered 
domains  within  the  disordered  matrix  [8], 
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Fig.2.  Temperature  dependencies  of  the 
permittivity  e  (a)  and  dielectric  loss 
tangent  tgS  (b)  at  106  Hz:  1,1’  - 
La1/6Na3/2Nb206;  2,2’  -  NaNb03. 

changes  its  sign  in  the  vicinity  of  the  room 
temperature)  whereas  the  decrease  in  the 
concentration  of  structural  vacancies  accompanied 
this  results  in  a  decrease  in  the  relaxation 
contribution  to  the  value  of  the  dielectric  loss. 

The  results  of  the  investigation  of 
electrophysical  properties  in  studied  materials 
denote  the  potential  possibility  in  producing 
dielectric  materials  with  high  and  temperature 
stable  permittivity  subject  to  the  chemical 
composition  in  the  systems  (l-3x/2)Ln2/3Nb206  - 
3xNaNb03.  The  materials  synthesized  have  been 
used  in  the  producing  coaxial  dielectric  resonators 
(CDRs)  for  the  frequency  range  of  200  to 
300  MHz  which  have  been  tested  and  exhibit 
average  values  of  unloaded  Q-factor. 

References 

1.  Venevtsov  Y.N.,  Politova  E.D.,  Ivanov  SA.  Ferro-  and 
antiferromagnetics  of  barium  titanate  family  (in  Rus).  - 
M:  Chem,  1985. 

2.  Smolensky  G.A.,  Bokov  V.A.,  Isupov  VA.,  et  al 
Ferroelectrics  and  antiferroelectrics  (in  Rus).  -  L:  Science. 
1971. 

3.  Sych  A.M.,  et  al  //  (in  Rus)  Inorg.  Mat  -  1973.  -IX, 

11.  -p.1947-1950. 

4.  Sych  A.M.,  Golub  A.M.  //  (in  Rus)  Progress  in  chemistry. 
- 1977.  -XLVf  iss.3.  -p.414-444. 

5.  Masuno  K.  //  J.  Phys.  Soc.  Japan.  -  1964.  -19,  Ns  3.  - 
p.323-328. 

6.  Pivovarova  A.P.,  Strahov  V.I.,  Melnikova  O.V.  //  (in  Rus) 
Inorg.  Mat  - 1999.  -35,  N°  9.  — p.  1118-11 19. 

7.  Fedorov  N.F.,  Pivovarova  A.P.,  Melnikova  O.V., 
Morozova  E.V.  //  (in  Rus)  J.  Inorg.  Chem.  -  1979.  - 
XXIV.  iss.  12. -p.3350-3353. 

8.  Paltnikov  M.N.,  Sidorov  N.V.,  Sandler  V.A.,  Stefanovich 
S.Y.,  Kalinnikov  V.T.  //  (in  Rus)  Inorg.  Mat  - 1997.  -33, 
N°9.  -p.1135-1142. 


417 


II.  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 

NEW  LEVEL  OF  PROPERTIES 


INVESTIGATION  OF  PROPERTIES  OF  CASTED  METALLIC 
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During  last  years  the  original  resource-saving 
technology  of  receiving  of  layered/sandwich  steel 
composites  with  high  level  of  properties  was  developed 
and  mastered.  Technology  foresees  the  using  of  non- 
convenient  high-efficient  method  of  two-layer  ingots 
manufacture  -  liquid-to-liquid  casting.  The  method 
proposed  does  not  require  both  the  capital  investments 
and  sufficient  reconstruction  of  steel  making  and 
teeming  processes. 

The  proposed  techniques  was  used  for  manufacture 
of  different  kind  of  metal  products  (periodic  profile, 
sheet  and  section  stock,  calibrated  rod  for  fixing  bolts 
etc.)  and  from  various  type  of  steel  combination  (“low 
carbon-high  carbon  steels”,  “low  carbon  -  low  alloyed 
steels”,  “high  alloyed  -  low  alloyed  steels”)  [1], 

The  developed  layer/sandwich  steels  allow  to  save 
in  surface  layer  the  properties  and  compound  of  high- 
and  mid-alloyed  steels,  which  traditionally  used  in 
manufacturing  metal  structures  of  responsible 
applications  (chemical  industry,  machinery,  industrial 
and  civil  construction  sector,  etc.).  Besides  is  reducing 
by  up  to  20%  alloying  elemcnts/materials  consumption 
and  cutting  the  production  cost  of  metal  structures. 

This  paper  presents  some  results  of 
microstructure  researches  of  cool-rolled  sheets 
1, 2-2,0  mm  from  cast  sandwich  composite  from 
chromium-contenting  high-alloyed  steel 
(08Crl8Ti). 

The  macrostructure  of  metals  of  sheet’s  cross 
section  consists  of  three  layers. 

The  surface  layers  had  the  same  thickness  (up 
100  pm  to  300  pm)  from  both  side  of  sheet  and 
were  made  from  steel  contenting  0,08  %  C  and 
1 8,0  %  Cr. 

The  inner  layer  was  performed  from  steel  with 
0,08  ...  0,12  %  C  and  13,0  %  Cr  . 

The  "liquid  sandwich”  technique  ensures  an 
identical  thickness  of  a  surface  layer  through 
length  and  breadth  of  products. 

The  reduction  of  the  chromium  content,  carbide 
quantity  and  the  iron  contents  increase  in  an 
internal  layer  reduces  the  strength  and  raises 
plastic  characteristics  of  multilayer  sheets. 

With  increase  of  surface  layer  thickness,  the 
plasticity  parameter  is  reduced  and  some  increase 
of  strength  property  of  multilayer  sheets  is 
observed. 

The  creation  of  ferrite  martensite  structure  in  an 


internal  layer  of  cold  rolled  multilayer  sheets  allows 
to  raise  strength  and  to  reduce  the  plastic 
characteristics  of  products.  The  properties  totality 
set  of  multilayer  sheets  will  be  determined  by 
thickness  of  a  superficial  layer,  of  quantity  and  of 
products  of  ferrite  and  austenite  decomposition  ratio 
after  cooling  with  various  speeds. 

High-chromium  composite  sheet  metal  with  low 
carbon  content  in  inner  layer  consists  of  chromium- 
contenting  ferrite  with  different  quantity  of 
carbides. 

The  increasing  of  carbon  content  in  inner  layer  of 
sheet  up  to  0,12%  led  to  appearance  of  austenite  by 
temperatures  850-920°  C. 

The  cooling  of  sheet  metal  from  austenite  state 
temperatures  with  different  velocities  allows  to 
received  the  range  of  various  structures  in  inner 
layer  (fig.  1). 

Thus,  by  intensive  cooling  with  cooling  rate 
more  than  9,4°C/s  the  inner  layer  consists  of  initial 
ferrite  and  martensite  (originated  from  undercooled 
austenite). 


Figure  1.  The  thermokinetic  diagram  of 
phase  transformations  at  heating  and  cooling  of 
chromium  alloyed  multilayer  steels. 

In  the  cooling  rate  interval  up  0,9°C/s  to  9,4°C/s 
the  undercooled  austenite  in  inner  layer’s  structure 
had  been  decomposed  on  ferrite  and  martensite.  By 
lowering  of  cooling  rates  the  share  of  the  latter 
decreased  from  100  to  3... 5%. 

The  cooling  of  composite  sheets  with  velocities 
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lower  than  0,9bC/s  resulted  to  formation  in  the 
inner  layer  the  range  of  structures:  initial  ferrite, 
ferrite  originated  from  austenite  and  chromium 
carbides  [2]. 

Microroentgenspectral  analysis  showed  that  in 
inner  layer,  iron  content  was  greater  and 
chromium  and  titanium  contents  were  smaller 
then  in  surface  layer  (Table  1). 


Table  1:  Concentration  of  leading  chemical 
elements  in  layers  of  sheet  from  sandwich 
composite _ 


Layer 

Chemical  elements  content,  % 

Fe 

Cr 

Ti 

Surface 

80,0-81,0 

19,0-19,5 

0,5-0, 6 

Inner 

85,0-86,0 

13,0-14,0 

0,35-0,45 

The  grain  size  distinction  in  surface  and  inner 
layers  of  cold-rolled  sheets  had  been  stipulated, 
first  of  all,  of  different  chemical  compounds 
(quantity  of  crystallisation  nucleus  in  first  and 
second  melts).  In  second  turn,  the  grain  size 
depends  of  ingots  casting  conditions  and  also, 
deformation  and  heat  treatment  parameters. 

The  transition  boundaries  from  surface  layers  to 
inner  are  5...  15  microns  width  and  are 
characterised  by  a  smooth  changing  of  the 
chemical  elements  content  -  iron,  chromium, 
titanium,  silicon. 

The  boundaries  passing  as  between  dendrite 
and  secondary  grains  as  through  grain  body 
because  are  formed  in  liquid  condition.  This  and 
lack  of  spills  are  the  main  advantages  of 
developed  method  of  composite  manufacture  as 
compared  other  known  techniques. 

Investigation  of  fracture  of  composite  sheet 
samples  showed  that  surface  layer  is  stronger  and 
low  plastic  than  inner  and  had  inter-crystallite 
type  of  destruction.  In  cells  of  fracture  was 
observed  nitride  non-metal  inclusion.  The 
character  of  destruction  in  transition  zone  had 
mixed  type  with  majority  of  places  of  tough 
failure. 

The  fracture  of  inner  layer’s  metal  of  sandwich 
composite  is  tough  with  bowl-shaped  cells  with 
middle  and  big  sizes. 

The  majority  of  non-metal  inclusions  in 
sandwich  composites  represented  of  chromium 
carbides  and  titanium  nitrides.  Distribution  of 
inclusions  was  uniform  through  sheet  length  and 
layer  thickness. 

The  smaller  concentration  of  chromium  and  it 
carbides  and  also  lot  of  iron  in  inner  layer  resulted 
to  increasing  plastic  properties  of  composite  in 
whole.  Tensile  strength  and  yield  point  in 


elongation  of  composite  sheet  were  approximately 
on  20%  low  and  relative  elongation  was  in 
1,1 5...  1,2  once  greater,  than  values  inherent  to 
surface  layer  steel  (08Crl8Ti). 

A  layered  structure  and  raised  plasticity  of 
sandwich  composite  ensure  high  values  of  ductility 
of  hot  rolled  sheet  at  various  temperatures 
KCU  +  20  =  159  J/cm2,  KCU.40  =  93  J/cm2.  With 
increasing  of  surface  layer  thickness,  the  relative 
elongation  lowered  and  strength  properties  of 
sandwich  sheets  increased. 

The  sheet  with  such  properties  guarantees  the 
large  reliability  of  work  of  articles  in  aggressive 
mediums  and  at  dynamic  loads,  for  example  of 
coaches  for  transportation  of  chemically  active 
substances,  in  motor  —vehicle  construction  industry 
etc.,  in  that  number  for  manufacture  of  articles  by 
punching,  including  deep  extrusion. 

The  corrosion  and  heat  resistance  of  the 
composite  sheet  (estimated  on  a  losing  of  a  mass  at 
temperature  815°C)  allows  to  recommend  sandwich 
sheets  for  manufacture  of  knots  of  system  of 
exhaust  gas  of  motor  and  also  in  a  food-processing 
industry. 

The  perfect  mechanical  and  working  properties 
of  rolled  steel  products  (high-strength,  plasticity, 
wear-  and  corrosion  resistance,  etc.)  achieve 
through  the  optimal  composition  and  ratio  of  layers 
in  composite  steel  products  and  also  by  means  of 
fine  steel  microstructure  which  makes  high-quality 
defect-free  boundary  between  the  layers  formed  in 
liquid  state.  The  proposed  technology  has  been 
tested  and  showed  high-efficiency  in  production  of 
various  types  of  rolled  steel  products. 
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NEW  LEVEL  OF  MATERIAL  PROPERTIES  FOR  AUTOMOBILE  AND 
TRACTOR  FRICTION  ASSEMBLIES 

Dmitrovich  A.A. 

Powder  Metallurgy  Institute  of  NAS  of  Belarus  (Minsk,  Belarus) 


Development  of  automobiles,  tractors  and 
building  machines  has  reached  such  a  level  when 
requirements  for  different  units,  assemblies  and 
materials  can  be  compared  to  those  for  specialized 
machines.  Operational  conditions  of  these 
assemblies  differ  in  variety  of  operational 
parameters  -  sliding  speed,  specific  loading  and 
properties  of  environment  -  and  are  characterized 
by  constant  increase  of  their  energy  loading.  Thus, 
maximal  friction  work  in  disc  brakes  of  modem 
heavy  «BELAZ»  trucks  is  9xl03  J/cm2  at  sliding 
speed  of  80  m/sec  and  pressure  5  MPa. 

Having  good  heat-conductivity,  high  friction 
coefficient  and  wear-resistance,  sintered  friction 
materials  can  operate  at  high  specific  loading  and 
sliding  speed  having  high  serviceability. 
Nowadays  we  observe  tendency  to  substituting 
common  polymer  friction  materials  with  sintered 
ones. 

A  number  of  research  centers  in  Belarus  and 
abroad  are  constantly  carrying  out  intense  works 
for  creation  new  materials.  According  to  the 
information  provided  by  foreign  scientists  the 
total  productional  volume  of  friction  materials 
based  on  iron  will  grow  from  320.000  tons  in 
1998  to  428.700  tons  in  2005,  i.e.  average  annual 
growth  -  6%  [1],  Such  tendency  can  be  explained 
by  increasing  productional  capacities  of  machine- 
building  enterprises  and  bringing  new  production 
to  a  commercial  level. 

Modem  sintered  materials  are  characterized  by  the 
following  values: 

1.  Friction  materials  working  in  oil: 

Dynamic  friction  coefficient  -  0.05-0.14; 

Static  friction  coefficient  -  0.09-0.18; 

Maximal  friction  power  -  2-4  W/mm2. 

2.  Friction  materials  working  in  dry 
environment: 

Dynamic  friction  coefficient  -  0.25-0.50; 

Static  friction  coefficient  -  0.45-0.8; 

Maximal  friction  power  -  2-5  W/mm2. 

Friction  copper-based  materials  are  normally  used 
in  oil  environment.  Powder  Metallurgy  Research 
Institute  have  carried  out  works  for  substituting 


expensive  copper  substrate  of  these  materials  to 
iron  one. 

One  of  such  materials  is  «IHA)IEO»  -  a  sintered 
friction  material  [2  -  3]  -  which  is  based  on 
alloying  steel  powder  produced  from  processed 
slurry  of  bearing  production. 

«LUA)IE<I)»  has  dynamic  friction  coefficient  of 
0.07-0.14;  wearing  rate  of  2-5x1 0‘9.  At  the  same 
time  advantages  of  this  materials  are  better  seen  in 
heavy-loaded  friction  assemblies  (specific  friction 
work  up  to  850  J/cm2,  initial  sliding  speed  up  to 
70  m/sec).  Friction  coefficient  of  «LUA)fEO» 
material  is  1.3- 1.4  times  higher  and  its  wear- 
resistance  is  1.5-2  times  higher  comparing  the 
same  of  the  MK-5  material.  This  was  determined 
during  comparative  testing  of  friction  discs 
produced  from  these  materials  in  a  T-150  tractor 
gearbox. 

Complex  testing  carried  out  jointly  with  experts 
from  Minsk  Tractor  Works  have  proved  high 
characteristics  of  the  developed  material  which 
enabled  to  establish  batch  production  of  these 
friction  discs  for  friction  assemblies  of  MTZ 
tractors.  Nowadays,  production  of  friction  discs 
with  «IIlA)IEO»  friction  powder  coating  is  5.000- 
6.000  pcs/month.  At  the  same  time  they  are 
planning  to  increase  productional  capacities  by 
starting  production  of  new  nomenclature  for 
tractors  of  150-250  hp. 

«LUA,I(E<I>-999/JI»  sintered  friction  material  is 
used  in  «dry»  clutches  of  tractors  (160-180  hp) 
and  its  bringing  to  a  commercial  level  is  currently 
coming  to  the  end.  The  material  has  friction 
coefficient  not  less  than  0.35  at  speed  approx.  30 
m/sec  and  specific  loading  -  up  to  1.5  MPa, 
providing  the  necessary  service  life  of  10000 
hours. 

A  significant  peculiarity  of  this  material  is 
aluminium  nitride  as  a  friction  component. 
Having  low  thermal  expansion  coefficient 
(4.8x10'61/°C),  good  heat-conductivity  and  heat- 
shock  resistance  AIN  provides  effective  removing 
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of  temperature  from  a  friction  zone  and  high 
wear-resistance  of  a  friction  pair  [4-6]. 

«UIA^E<J)-999/Jl»  is  characterized  with  high 
friction  properties  during  operation  with  pig  iron 
(CHI 8,  CH20  and  others)  -  friction  coefficient 
0.35-0.42,  wearing  rate  up  to  10  mkm/km, 
maximal  possible  specific  friction  power  -  6-7 
W/mm2.  Tests  carried  out  at  inert-brake  stand  C- 
140  (MTZ)  have  showed  that  a  one-disc  clutch 
with  nominal  force  of  pressing  springs  of  900  kg, 
equipped  with  12  friction  linings  (6  linings  -  45 
cm2  on  each  side  of  the  driven  disc)  from 
«LUAflEO-999/Jl»  material  has  the  following 
properties: 

static  break-away  torque  -  105-135  kgm 
on  a  heated  clutch  and  90-107  kgm  on  a  non- 
heated  one; 

average  wearing  rate  of  the  linings  - 
0.270-0.330  mkrn/cycle. 

Good  results  were  achieved  during  testing  a  this 
new  material  in  clutches  of  machine  produced  at 
Lipetsk  Tractor  Works. 

«IIIA/lEO-2C»  material  was  developed  to  operate 
in  friction  assemblies  without  lubrication  with  a 
steel  counter-body.  Full-scale  testing  of  the 
«UIAflE<D-2C»  material  were  carried  out  in 
friction  assemblies  of  crawlers  produced  at 
Volgograd  Tractor  Works.  Works  for  introducing 
analog  material  based  on  iron  into  brake 
assemblies  of  crawlers  (150  hp)  produced  at 
Altaysky  Tractor  Works  are  being  carried  out. 

Together  with  «BELAZ»  experts  we  are 
carrying  out  experiments  for  development  and 
testing  material  for  disc  brakes  of  heavy  puck- 
up  trucks  with  loading  capacity  of  130-200 
tons.  Preliminary  testing  of  the  developed 
material  have  showed  its  high  tribotechnical 
characteristics  -  friction  coefficient  0.50-0.55 
at  wearing  rate  not  more  than  20  mkm/km. 

Together  with  Cheboksary  Tractor  Works  we  are 
carrying  out  works  for  exchange  of  copper-based 
MK-5  material  used  in  friction  assemblies  now  by 


the  other  material  having  high  stability  in 
changing  friction  torque  when  braking.  < 

Thus,  Powder  Metallurgy  Research  Institute  have 
developed  a  number  of  friction  materials  for 
application  in  different  operational  conditions 
which  are  not  worse  than  their  foreign  analogs 
according  to  their  characteristics.  It  is  first  time 
when  production  of  friction  elements  was 
established  basing  on  powder  produced  from 
slurry  of  bearing  industry  (Fig.l). 


Figure  1.  Friction  discs  and  linings. 
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Magnetic  susceptibility  (MS)  of  condensed 
matter  which  does  not  possess  magnetic  order  in 
initial  state  is  considered.  MS  is  an  universal 
thermodynamic  characteristics  containing  vast 
information  about  chemical  bond,  electron 
spectrum,  electronic  structure  of  components  and 
impurities  with  unfilled  inner  d-  and  f-shells,  phase 
transitions,  electronic  state  of  charged  defects  of 
structure  etc. 

The  components  of  MS  in  dielectrics, 
semiconductors  and  metals  are  analyzed. 
Information  about  solid  state  characteristics  which 
is  connected  with  each  of  these  components  are 
discussed. 

Theoretical,  experimental  and  empirical 
methods  for  separation  of  MS  components  are 
considered.  The  examples  of  such  separation  are 
presented  A  connection  of  these  components  with 
spin  paramagnetic  resonance,  nuclear  magnetic 
resonance  and  magnetooptical  Faraday  rotation  is 
shown. 

Special  interest  is  attracted  to  narrow-gap 
semiconductors.  The  results  of  MS  researches  of 
IV-VI  single  crystals  pure  and  doped  by  noncentral 
and  paramagnetic  impurities,  are  considered.  An 
information  about  band  structure,  electron  spectra, 
structure  phase  transitions  due  to  interband 
electron-phonon  interaction  and  to  noncentral  ions 
obtained  out  of  MS  studies  is  presented.  It  was 
shown  at  the  first  time  the  effect  of  renormalization 
of  electron  spectra  on  MS  of  narrow-gap 
semiconductors.  This  influence  was  confirmed 
theoretically  later  and  is  due  to  the  change  of  the 
narrow  band  gap  in  the  vicinity  of  the  phase 
transition  temperature  as  well  as  to  the  fluctuations 
of  order  parameter. 

Except  semiconductors  MS  measurements 
are  convenient  for  study  of  phase  transitions  of 
different  solid  states.  MS  behavior  is  connected 
with  different  parameters  of  investigated  object 
such  as  following  -  electron  density  of  states,  band 
spectrum  characteristics,  crystal  lattice  distortion, 
appearance  of  temperature  independent 
paramagnetism.  Hydrogen  intercalates  of  NbSe2 


represent  structure  phase  transition  accompanied 
with  a  change  of  electronic  properties.  This 
transformation  had  been  thoroughly  researched  by 
method  of  MS. 

Our  investigations  of  MS  of 
semiconductor  Pbo.joSno.eoMn^Te  had  led  to 
discovery  of  ferromagnetic  ordering  in  manganese 
doped  semiconductors.  It  was  firstly  shown  that 
indirect  interaction  between  magnetic  ions  via  holes 
at  their  high  concentration  (Ruderman-Kittel- 
Kasuya-Iosida  mechanism)  is  responsible  for 
ferromagnetic  transition.  This  research  gave  an 
impulse  for  systematic  investigations 
semiconductors  doped  by  manganese,  such  as 
GaMnAs  and  ZnMnO.  Magnetic  researches  had 
substantiated  the  appearance  of  new  direction  of 
modem  electronics  -  spinelectronics,  where 
electron  spin  is  used  in  microelectronics  instead  of 
(or  in  addition  to)  electron  change. 

Investigation  of  MS  allowed  to  discover 
new  effects  connected  with  dispersion  of  bulk 
materials  or  lowering  their  dimensionality.  Porous 
silicon  as  against  to  bulk  one  displays 
ferromagnetic  properties  with  Curie  temperature  ~ 
500°  K. 

Magnetic  properties  of  NbSe2,  MoSe2  and 
WSe2  undergo  dramatic  transformation  at  their 
dispersion  to  dimensions  of  nanosize  particles.  In 
the  case  of  NbSe2  (metallic  type  of  conduction)  a 
transition  from  the  state  of  Pauli  paramagnetics  to 
diamagnetics  occurs  at  lowering  of  particles  sizes 
to  25-1 40nm.  MoSe2and  WSe2  are  diamagnetics  in 
initial  state.  Due  to  dispersion  up  to  particle  sizes 
15-95nm  MS  changes  a  sign  and  diselenides 
become  Pauli  paramagnetics.  Observed  effects  are 
discussed. 

A  separation  of  MS  components  attracting 
related  results  of  some  other  characteristics  as  ESR 
NMR,  optical  Faraday  effect,  electrical  properties 
etc.  allows  to  obtain  wide  information  about 
condensed  matter. 
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One  of  the  prospective  direction  in  the  development 
of  nanotechnology  is  the  working  out  of  hybrid 
organic-nonorganic  structures  on  the  base  of  metal 
and  semiconductor  nanoparticles  in  the  ordered 
metallorganic  matrices  [1].  The  efficiency  of 
nucleation  and  growth  processes  of  a  nanostructures 
in  such  matrices  is  due  to  the  possibility  to  make  a 
large  supersaturation  (  order  10*4  metal  ions  can  be 
introduced  in  the  polar  planes  of  Langmuir-Blodgett 
(LB)  films),  the  small  activation  energy  of  the  ion 
diffusion  along  the  these  planes  and  organic  matrix- 
nonorganic  particle  interphase  interaction.  In 
addition  the  nucleation  and  growth  processes  depend 
on  the  composition  of  organic  films  and  their 
structures  and  consequently  are  the  matrix  controlled 
[2]- 

In  present  work  we  discuss  the  peculiarities  of  the 
growing  of  semiconductor  nanocrystals  of  the 
sulphides  of  lead,  cadmium  and  zinc  in  the  ordered 
metalloorganic  matrices  in  the  framework  of  the 
diffusion  decomposition  of  solid  solution. 

The  nanocrystal  growing  process  in-situ  passed  by 
two  stages.  l.The  formation  of  the  multilayer 
molecular  films  at  the  solid  substrates  by  LB 
technology.  2.  The  carrying  out  of  the  solid  phase 
synthesis  of  nonorganic  phase  in  the  volume  of 
organic  matrix  consisting  of  (CiyH35COO)2Me 
molecules,  (Me=Pb,  Cd,  Zn)  by  ion-exchange 
reactions  (  the  treatment  of  metallorganic  films  in 
gas  atmosphere  or  in  the  solution  containing  the 
cations-precursors  S2-  ).  The  authors  assume  that 
two  stage  process  of  the  nanocrystal  growth  is  the 
principle  pecularily  of  the  phase  fomiation  in  the 
ionomer  matrices.  The  MeS  seed  nucleation  is 
induced  by  the  diffusion  flow  of  negative  ions  S2- 
from  enviroment  making  to  the  supersaturation  in 
the  matrix  solid  solution.  At  next  stage  the  MeS 
precursors  (molecular  clasters  or  MeS  molecules) 
created  by  the  ion-exchange  reactions  form  the 
nonorganic  phase  seeds  owing  to  their  aggregation. 

The  experimental  study  of  PbS,  CdS  and  ZnS 
nanocrystal  nucleation  and  growth  kinetics  shown 
(Fig  1.)  a  number  of  essential  differeces  of  the  phase 
transformation  processes  passed  in  multilayer  LB 


matrces  respect  to  the  classic  Lifshitz-Slyozov- 
Wagner  (LSW)  theory  [3,4],  In  the  first,  the  growth 
of  the  nanocrystal  average  size  <R>  depending  on 
the  duration  treatment  of  LB  films  in  sulphur 
enviroment  (  H2S  atmosphere  or  Na2S  water 
solution)  at  the  beginning  of  treatment  the  size 
increasing  is  more  slowly  than  it  follows  from  LSW 
theory  for  “normal  “  growth  stage,  the  value  of 
exponent  n  <0.5  in  equation  <R>  ~tn  (in  LSW 
theory  n= 0.5,  and  <R>  depends  on  the  initial  Me 
concentration  and  treatment  temperature.  At  the 
prolonged  exposition  the  decreasing  of  n  is 
observed.This  is  likely  due  to  the  transition  to  the 
slow  growth  stage  MeS  nanoparticles. 


r‘.  hk 


Fig.l  The  square  of  average  radius  of  PbS  ( ),  CdS  ( 
)  and  ZnS  (  )nanocrystals  vs  time  treatment  of  LB 
films  in  H2S  atmosphere. 

Secondly,  MeS  precursor  concentration  in  LB 
matrix  is  increased  vs  time  as  XMes=Xo[l-exp(- 
dt/l2)]  ,  where  Xq  is  the  concenration  of  metal  ions 
before  treatment,  D-is  diffusion  constant  for  82- 
ions,  1-is  the  characteristic  length.  So  the  original 
stage  of  precursor  formation  and  consequently  the 
the  rise  of  supersaturation  are  in  fairly  good 
aggrement  with  Fick  classic  diffusion  law.  The 
experimental  data  show  the  nucleation  velosity  of 
MeS  precursors  in  the  range  of  a  large  initial  metal 
concentration  in  the  matrix  (corresponding  to  the 
stoihiometric  composition  of  the  lead  stearate  LB 
films)  exceeds  the  velosity  of  MeS  “absorption”  by 
nanocrystals.  Thirdly,  if  supersuturation  is  absent  in 
the  matrix  (this  takes  place  at  the  prolonged 
treatment  in  the  sulfur  media)  The  rise  of  the 
average  size  and  concentrations  of  nanoparticles  are 
ended.  Fourthly,  for  all  studied  matrices,  wich  are 
distinguished  by  the  stoihiometric  compositions  the 
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increasing  of  the  nanocrystal  size  as  their 
concentration  proceed  at  room  temperature. 

The  phase  decomposition  model  in  the  multilayer 
metalorganic  matrices  proposed  by  the  author  is 
based  on  the  supposition  that  there  are  two 
diffusional  flows  in  the  metalorganic  matices  along 
the  polar  planes  -  diffusion  flow  of  the  sulfur  ions 
initiating  the  phase  decomposition  of  metalorganic 
matrix  after  the  ion-exchange  reactions  S^-  with  the 
-(COOjgMe  molecular  matrix  fragments,  and  the 
diffusion  flow  MeS  molecular  precursors.  The 
diffusion  constants  of  these  processes  are  different 
and  depend  on  the  metal  ion  concentration  in  matrix. 
At  the  small  Me  concentration  the  velosity  of  the 
generation  of  MeS  precursors  is  equal  or  less  of  the 
seed  absorption  one.  Therefore  the  growth 
mechnism  at  the  origin  growth  stage  is  near 
practically  to  the  classic  LSW  mechanism 
accounting  the  size  confinement  of  the  diffusion 
processes  in  multilayer  films.  At  large  initial  Me 
concentrations  the  velosity  of  the  precursor 
generation  can  be  more  than  the  absoiption  velosity. 
Owing  to  the  violation  the  stationary  conditions  in 
the  matrix  can  arise  the  local  saturations  wich  result 
in  the  increasing  of  the  velosity  of  a  seed  formation 
at  the  simultaneous  growth  of  average  seed  size.  It  is 
essential  to  draw  attention  to  the  fact  of  appearence 
of  a  big  seeds  wich  are  not  typical  for  the  initial 
stage  of  the  phase  decomposition  in  classic  systems 
(for  example,  glass  matrix)  The  seeds  have  a  large 
surface  energy  and  therefore  are  in  the  metastable 
state.  The  distance  between  them  in  matrix  is  order 
of  one  or  some  MeS  lattice  constants,  consequently 
the  seed  aggregation  to  a  large  seeds  is  energetic 
vaforable.  The  nanoparticle  grow  in  the  plane  disc 
form  and  their  axes  azimuthal  orientation  is  not 
correlated. Therefore  the  electron  diffraction  of  the 
nanocrystals  in  matrix  corresponds  to  the 
polycrystals  (Fig  2). 


Fig.2.  Electron  difraction  of  PbS  nanocrystals  grown 
in  LB  films. 


It  is  found  from  the  optical  absorption  spectra 
measurements  that  the  MeS  nanocrystals  grown  in 
LB  matrices  are  in  quantum  confinement  state  [5], 
(Fig3). 


Fig.3. Optical  absorbance  of  PbS(l),  CdS(2)  and  ZnS 
(3)  nanocrystals  in  LB  films. 

The  most  value  of  the  size  quantization  energy  of 
electro-hole  pairs  in  PbS  nanocrystals  is  ~1.5  eV. 
The  influence  of  the  matrix  on  the  energetic 
snructure  of  PbS  nanocrystals  is  discussed  on  an 
example  of  the  lead  sulfide  nanocrystals  grown  in 
the  lead  stearate  LB  films.  The  size  quantization 
energy  of  the  ground  Es  and  first  Ep  states  of  e-h 
pairs  are  analyzed  within  effective  mass 
approximation.  The  average  radius  of  nanocrystals 
r«1.7  nm  and  the  potential  barrier  height  at  the 
contact  between  the  semiconductor  and  matrix 
Ve=4.5  eV  are  calculated.  It  is  suggested  that  the 
finite  barrier  height  is  due  to  the  action  of  electric 
fields  of  ~  107  V/m  in  the  contact  regions  with 
breaking  the  polar  symmetry  of  dipole  arrangement 
of  matrix  molecules  with  respect  to  the  surfaces  of 
growing  planar  nanocrystals. 
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Elaboration  of  layered  ceramic  composites  is 
widely  considered  now  to  be  the  most  efficient 
way  to  enhance  service  performance  and  reliability 
of  ceramic-based  structural  materials.  The  main 
requirement  for  the  composites  is  their  ability  to 
make  resistance  to  crack  propagation  in  achieving 
a  limit  state.  Besides,  if  their  ability  to  bear 
mechanical  (prolonged  or  cyclic)  load  is  critical 
point,  the  inelasticity,  being  usually  associated 
with  damage  accumulation,  and  sub-critical  crack 
growth  should  be  avoided.  This  means  that 
constituent  layers  of  the  composite  need  to  be 
elastic  and  strongly  bounded  each  other.  The 
necessity  for  the  composites  being  used  under 
intensive  mechanical  loads  gives  rise  to  demand  of 
obtaining  high  strength  of  outer  layers. 
Specifically,  obtaining  compressive  stresses  in 
outer  layers  is  one  of  key  elements  of  the  strategy. 
Thereby,  a  marked  increase  of  surface  damage 
resistance  and  crack  arresting  can  be  achieved  in 
such  a  way. 

At  the  moment  there  is  insufficient  elaboration 
of  modeling  and  simulation  to  understand  the 
limits  of  stress  and  fracture  toughness  increasing  of 
layered  composites  with  respect  to  compact 
materials  of  pure  components,  possibilities  to 
predict  a  response  of  such  materials  under  loading. 
The  lack  of  systematic  study  in  this  field  creates 
some  difficulties  to  develop  the  high  reliable 
ceramic  layered  composites.  Particularly,  at 
present  there  have  been  only  a  few  systematic 
studies  to  explore  the  ability  of  layered  composites 
to  arrest  cracks. 

The  investigation  of  crack  arresting  of  Si3N4- 
based  layered  composites  along  with  elaboration  of 
possible  ways  of  computational  and  practical 
optimization  of  their  structure  to  increase  this 
ability  was  made  in  this  work. 

Symmetrical  layered  composites  Si3N,4/Si3N4- 
xTiN  (x=10,  20,  30,  50,  70  and  100  wt.  %) 
prepared  similarly  to  [1]  were  studied.  The 
addition  of  different  amounts  of  TiN  to  Si3N4  in 
one  of  layers  was  used  to  ensure  varying  levels  of 
internal  stresses  in  both  layers.  Magnitudes  of  the 

residual  compressive  stresses  ( <7 c )  in  Si3N4  layers 


and  tension  (cr  )  stresses  in  Si3N4-xTiN  layers 
were  calculated  by  using  of  the  following 
equations: 


cr,  = 


Ec  Et  /  (a,  -ac)AT 

EJ'+e'j, 


V,  = 


Ec  E,  fc{ccc  -at)AT 
Ec  fc  +  E,  f 


where  AT  is  the  difference  in  temperature  between 
the  actual  temperature  and  the  joining  one, 

e[  =  EJ(  l-vj,  E,  =E,!(\-v,y,  r 

OCj ,  Ej ,  fj  are  the  Poisson  ratio,  the  coefficient 

of  thermal  expansion,  the  Young  modulus  and  the 
volume  fraction  of  the  j-th  component, 
respectively. 

Calculations  have  shown  that  typical 
magnitudes  of  compressive  and  tensile  residual 
stresses  were  in  the  ranges  100  MPa  -  1  GPa  and 
100  -  500  MPa,,  respectively,  increasing  in  the 
order  corresponding  to  the  titanium  nitride 
contents. 

The  ability  of  the  composites  to  arrest  cracks 
was  assessed  preliminarily  by  computer 
simulation.  It  was  supposed  that  total  thickness  of 
the  composites  along  with  residual  stress 
magnitudes  (compressive  and  tensile)  is  specified. 
The  [2]  procedure  of  calculating  stress  intensities 
using  a  weight  function  was  adopted  for  the 
simulation.  It  was  found  that  apparent  fracture 
toughness  of  the  composites  depends  substantially 
on  sequence  of  layer  thickness  and  not  only  on 
internal  stress  magnitude.  It  was  shown  also  that 
the  sequence  can  be  adopted  in  such  a  way  that 
crack  shielding,  i.e.  increased  fracture  toughness  of 
layered  composite  (compared  with  monolithic 
specimens)  be  produced  not  only  in  compressive 
layers  but  also' in  tensile  ones.  Now  the  work  is  in 
progress  to  determine  conditions  so  as  to  provide 
enhancement  of  shielding  in  process  of  crack 
growth. 
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To  examine  composites  as  for  their  ability  of 
cracks  arresting,  dozens  of  tests  were  conducted  on 
compositions  containing  from  10  to  100%  TiN  in 
their  tensile -stressed  layers.  The  V-notches  with  tip 
radii  of  an  order  of  10-15  pm  served  as  stress 
concentrators.  The  depth  of  the  notches  was  0.6- 
0.65  of  the  specimen  height,  being  4-5  mm 
(specimens  of  large  height  we  ground  down  to 
such  sizes).  Characteristic  load-deflection 
diagrams  are  shown  in  Fig.  1 . 

It  is  clear  from  Fig.  1  that  the  developed 
procedure  provides  the  arrest  of  cracks,  and  the 
compositions  under  study,  judging  from  these 
diagrams,  fall  into  the  order  corresponding  to  their 
titanium  nitride  contents.  An  interesting  feature  of 
many  of  these  diagrams  is  "hysteresis"  loops 
recorded  during  specimen  unloading  and  their 
further  loading.  It  was  connected  probably  with  the 
amount  of  energy  dissipated  by  wake  effect  during 
"artificial"  unloading  and  loading  of  specimens. 
The  mechanism  determining  such  "hysteresis" 
(Fig.  1)  is  under  study. 

The  mechanism  of  crack  arresting  is  found  to 
be  the  most  effective  in  the  compositions  with  the 
70  %  TiN  containing  layers.  In  10  %  TiN 
containing  specimens  a  propagating  crack  did  not 
arrest  under  our  loading  conditions,  though  their 
catastrophic  failure  typical  of  single  -  phase  silicon 
nitride  ceramics  and  particulate  composites  on 
their  basis  did  not  occur. 

The  microscopic  analysis  of  fractured 
specimens  demonstrated  that  tensile-stressed  layers 
containing  of  70  %  and  100  %  TiN  display 
multiple  channel  cracks  formed  during  specimen 
sintering  that  is  probably  determined  by  the 
insufficient  strength  of  these  layers.  However,  the 
propagating  crack,  fracturing  the  specimens,  was 
not  always  coming  through  channel  cracks  in  first 
case.  In  50  %  TiN  specimens,  channel  cracks 
appeared  not  so  often  and  propagating  cracks 
deviated,  coming  through  compressed  layers,  and 
crossed  tensile-stressed  layers  in  the  loading  plane. 
But  it  was  not  noticed  that  their  paths  included 
channel  cracks.  In  30  %  TiN  specimens  the  paths 
of  the  main  cracks  were  less  branched,  and  desired 
bifurcation  on  their  way  were  not  revealed.  Note 
that  lack  of  the  bifurcation  in  the  specimens  was  in 
accord  with  theoretical  evaluation  of  this  effect 
made  in  [3]. 

In  the  majority  of  cases,  besides  recording 
load-deflection  diagrams  and  acoustic  emission, 
the  polished  lateral  surface  was  examined  after 
each  unloading  of  specimens  by  an  optical 
microscope  (xlOOO).  It  was  established  that  in 
specimens  with  high  TiN  contents  cracks  did  not 


practically  propagate  in  the  direction  of  loading, 
and  even  they  did  not  always  start  from  the  tip  of  a 
V-notch.  They  were  branching,  one  crack  could 
first  appear;  with  further  loading,  another  one 
could  propagate,  and  so  on.  As  a  whole,  the 
fracture  pattern  appeared  to  be  very  far  from  the 
models  examined  by  linear  fracture  mechanics  that 
is  the  basis  for  the  modem  methods  of  evaluation 


Figure  1 .  The  load-deflection  diagrams  of  layered 
composites:  a)  Si3N4/Si3N4-10  wt.%  TiN;  b) 
Si3N4/Si3N4-70  wt.%  TiN. 

of  fracture  toughness  of  ceramic  materials. 
However,  retarded  fracture  patterns  of  30  %  TiN 
specimens  were  closer  to  these  models.  Attempts 
to  use  critical  stress  intensity  factors  or  to  apply  the 
compliance  method  rather  popular  in  such 
investigations  were  of  no  success. 
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National  Technical  University  “Kharkov  Polytechnic  Institute”,  Kharkov,  Ukraine 


Increase  of  the  coefficient  of  efficiency  of 
internal  combustion  engines  and  capacity  of 
transport  means  are  achieved  mainly  on  the 
account  of  raising  operating  temperatures  in 
engines.  Advanced  design  solutions  and 
development  of  new  heat-resistant  alloys  ensure 
the  tendency  of  50-60  K  growth  per  decade  of  such 
temperatures  in  the  world  propulsion  engineering. 
However,  cooling  engines  techniques  are  limited, 
and  upper  range  of  temperatures  of  using  metal 
alloys  is  practically  achieved.  Qualitative  shift  in 
the  development  of  propulsion  engineering  can  be 
made  only  on  the  basis  of  application  of  ceramics 
with  special  properties.  However,  creation  of  an 
adiabatic  ceramic  internal  combustion-engine  with 
perfect  operational  parameters  remains  the 
perspective  of  the  distant  future. 

In  the  nearest  time  essential  increase  of 
coefficient  of  efficiency  of  engines  being  designed, 
decrease  of  fuel  consumption  and  toxicity  of  waste 
gases  can  be  achieved  with  the  usage  of  effective 
internal  heat-insulation  of  the  gas  wastegate  line  - 
channels  of  cylinders  heads,  in  which  the  heat  loss 
makes  up  85%,  and  manifolds. 

Heat-insulation  of  engines  gas  channels 
redistributes  heat  flows  with  corresponding 
decrease  of  loss  of  power  being  taking  away  to  the 
engine  cooling  system,  enhances  energy  content  of 
used  gases  with  the  following  their  wearing  in  the 
turbine,  raises  the  effective  efficiency  with  the 
simultaneous  improvement  of  indicated  efficiency 
on  the  account  of  heat  loss  decrease.  High  surface 
purity  of  gas  channels  being  achieved  by  means  of 
the  erosion-resistant  layer  of  heat-insulation  can 
reduce  aerodynamic  resistance  to  a  gas  flow. 
Internal  thermal  protection  must  facilitate  also  the 
decreasing  of  the  value  of  gas  corrosion  of 
elements  of  the  wastegate  line  because  of  the 
realized  possibility  of  their  exploitation  at  lower 
temperatures.  The  rise  in  temperature  of  waste 
gases  decreases  their  toxicity  and  gives  a 
possibility  to  use  alternative  kinds  of  fuel  in 
engines. 

Famous  propulsion  engineering  firms,  for 
example  Porshe,  for  increasing  the  degree  of 
adiabaticy  of  augmented  engines  install  test  bed 
engines  with  ceramic  insertions  of  the  simplest 
forms  into  outlet  channels  of  cylinders  heads  of 


aluminum  titanate.  Information  about  creation  in 
engines  of  lengthy  heat-insulated  outlet  channels  of 
complicated  configurations  is  not  found  in 
literature. 

A  new  class  of  ceramic  materials 
characterized  by  visco-plastic  statuses  at  high 
temperatures  is  created  [1].  This  peculiarity  of  the 
created  ceramics  allows  to  relax  by  the  structure 
compliance  the  attached  to  it  thermal  and 
mechanical  stresses  that  have  predetermined  its 
anomalous  structure. 

Materials  of  this  class  found  their  practical 
realization  in  the  developed  technology  of  forming 
heat-insulated  erosion-resistant  coatings  of  internal 
surfaces  of  components  of  complicated 
configurations  and  of  unlimited  length.  A 
distinctive  peculiarity  of  this  technology  is  that  the 
coating  is  being  formed  directly  in  the  process  of 
the  casting  of  the  metal  on  mold  cores  [2].  For  this 
before  the  core  will  be  filled  with  the  molten  metal 
the  surface  of  the  core  is  covered  by  the  sequence 
of  several  different  as  to  their  functionality  layers 
from  the  developed  ceramic  materials  of  inorganic 
nature  which  are  transformed  to  a  composition 
coating  in  the  process  of  crystallization  and 
subsequent  cooling  of  the  liquid  metal  (cast  iron  or 
alloys  on  the  basis  of  aluminum). 

In  the  developed  heat-insulated  ceramic 
coatings  the  layer,  which  is  directly  exposed  to  the 
gas  flow,  is  produced  to  be  very  thick  and  firm  for 
providing  it  with  erosion  resistance.  In  order  to 
decrease  aerodynamic  resistance,  the  working 
surface  of  this  layer  should  have  a  high  degree  of 
purity.  This  parameter  is  achieved  by  means  of 
covering  the  mold  core  with  a  transient  layer  from 
materials,  which  soak  into  interstice  of  the  mold 
core  and  give  it  a  shining  smooth  surface.  Further, 
while  technological  drying  of  the  mold  core  having 
a  multi-layer  coating,  the  transient  layer  covered 
for  the  provision  of  channel  purity  is  sublimated. 
Insignificant  gap,  which  appears  in  connection 
with  this  between  the  core  and  the  coating,  serves 
as  a  compensator  of  extension  while  enhancing  the 
volume  of  the  core  in  the  process  of  metal  casting. 

The  coating  layer  facing  the  metal  and 
carrying  out  directly  heat-insulated  functions  is 
produced  to  be  porous  and  optimally  firm.  The 
surface  of  this  layer,  which  further  will  contact  the 
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metal,  is  made  to  be  maximally  developed  for 
increasing  the  mechanical  constituent  of  coating 
adhesion  to  the  metal  and  is  saturated  with 
chemical  compounds  facilitating  the  achievement 
of  the  small  angle  of  edge  wetting  by  the  cast  iron 
or  aluminum  depending  on  the  type  of  metal  being 
cast.  The  thickness  of  the  heat-insulated  layer 
determines  the  total  thickness  of  the  whole  coating 
and  can  vary  within  the  limits  of  1  to  10  mm. 

\In  order  to  make  heat-insulated  and 
especially  erosion-resistant  layers  of  coatings, 
materials  have  been  developed  on  the  basis  of 
oxides  and  their  compounds  with  maximum 
temperature  coefficients  of  linear  expansion  equal 
to  the  cast  iron  [3]. 

The  peculiarity  of  the  new  class  of  materials, 
on  the  basis  of  which  the  coatings  have  been 
created,  is  presence  in  their  structure  of  an 
amorphous  phase  ensuring  the  visco-plasticity. 
Crystallization  of  this  amorphous  phase  taking 
place  in  the  materials  of  the  coating  at  high 
temperatures  and  being  a  function  of  time  is 
accompanied  by  the  growth  of  their  volume,  which 
can  reach  25%  depending  on  the  composition  of 
amorphous  phase.  Such  growth  of  volume 
considerably  condenses  the  material  of  the  coating 
increasing  its  erosion  resistance  and  causing 
appearing  of  radical  stresses  reinforcing  adhesion 
to  metals. 

For  optimizing  parameters  defining  the 
reception  of  a  predetermined  structure  of  the 
coating,  the  thermometry  of  the  process  of  their 
forming  while  casting  outlet  elements  of  channels 
of  cylinders  heads  of  cast  iron  have  been  carried 
out  [4],  On  the  basis  of  the  analysis  of  continuing 
redistribution  of  temperatures  in  the  heat  system  a 
possibility  of  receiving  thermally  unloaded 
ceramic  heat-insulated  coatings  has  been 
determined. 

Investigations  of  materials  properties  of  the 
developed  coatings  [5]  showed  that  they  are 
characterized  by  a  small  coefficient  of  heat 
conductivity  -  0,1  W/m  K  at  temperatures  higher 
than  800  K.  It  is  one  order  lower  than  ceramics’ 
one  based  on  titanate  aluminum. 

In  order  to  assess  the  working  capacity  limit 
of  the  developed  coatings,  they  were  put  on  trial  in 
as  internal  heat  insulation  of  elements  of  outlet 
channels  of  cylinders  heads  of  internal  combustion 
engines  under  conditions  which  several  times 
exceed  possible  operational  ones. 

Thermocyclic  tests  of  composition  coatings 
have  been  conducted  under  considerable  velocity 
of  gas  flows  (325±25  m/s)  heating  channels  walls  - 
the  coating  -  till  the  temperature  of  1 100  K  with  the 


subsequent  cooling  by  the  air  (100±20  m/s)  in  the 
regime:  heating  30  s,  cooling  60  s. 

The  coatings  withstood  without  changes  the 
test  programme  intended  for  conducting  51  heating 
changes.  At  the  same  time,  the  coating  with  the 
thickness  of  2  mm  created  gradient  of  temperatures 
of  290  K  at  maximum  temperatures  on  the  coating. 
Calculations  carried  out  on  the  basis  of  thermal 
characteristics  of  the  coating  defined  that 
difference  of  temperatures,  which  can  be  created 
by  the  coating,  must  be  higher  in  connection  with 
the  possibility  of  warmth  redistribution  to  jointed 
metal  walls  of  the  elements  of  the  engine  wastegate 
line.  This  was  confirmed  by  100-hour  experiments 
conducted  with  the  engine  wastegate  line  heat- 
insulated  elements  connected  between  each  other 
by  the  end-walls  through  heat-insulation  at 
temperatures  of  the  wall  of  the  outlet  channel  of 
cylinders  heads  of  the  engine  of  1 1 75  K  and  at  gas 
flow  velocity  of  35  -  40  m/s.  Under  these 
conditions,  the  coating  with  the  thickness  of  2  mm 
creates  on  it  the  difference  in  temperatures  of 
520  K.  At  the  same  time,  gradient  of  temperatures 
on  the  metallic  part  of  the  tested  elements  in  the 
sections  perpendicular  to  gas  flows  corresponded 
to  1,5  K/mm  and  was  a  constant  magnitude  along 
the  length  of  the  heat-insulted  cylinders  heads. 
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Compounds  of  sphene  structure  are  inclined 
to  form  solid  solutions  with  wide  areas  of  homo¬ 
geneity.  These  solid  solutions  are  distinguished 
by  unique  electrophysical  properties.  Of  the  most 
interest  is  investigation  of  possible  introduction  of 
3d  and  4d  element  atoms  into  sphene  lattice  in¬ 
stead  of  calcium,  titanium,  tin,  and  silicon.  Our 
work  is  dedicated  to  study  of  pseudobinar  systems 
of  CaTiSi05-CaSnSi05,  CaTiSiCty-YFeTiCty  and 
YFeTi05-YFeSn05-  The  samples  were  synthe¬ 
sized  in  low-temperature  plasma  of  hydrogen- 
oxygen  flame  [1].  It  differed  from  the  conven¬ 
tional  ceramic  method  by  high  speed  and  low 
power  and  labor  consumption.  X-ray  analysis 
proved  that  the  samples  of  the  same  composition 
synthesized  by  both  methods  were  almost  com¬ 
pletely  identical  (before  the  investigation  all  the 
samples  were  subjected  to  roasting  at  1173  K 
during  4  h  with  the  following  quenching  by  fast 
cooling). 

CaTiSiC>5-CaSnSi05  system  is  a  continu¬ 
ous  series  of  solid  solutions  with  a  general  for¬ 
mula  of  CaTi].xSnxSi05.  They  are  crystallized 
in  a  sphene  structure.  The  introduced  Sn4+  ions 
occupy  distorted  octahedron  interstices  previously 
occupied  by  Ti4+  ions  in  an  oxygen  pack.  It  re¬ 
sults  in  an  increase  in  the  elementary  cell  pa¬ 
rameters  and  the  samples  density. 

The  determined  elementary  cell  parameters 
of  CaTiSiCty  [a=(7.061  ±0.004  A, 
b=(8. 710+0. 005)  A,  c=(6.568±0.005)A, 

(HI  13.86  ±  0.04)0,  v=369.5A  3,  z=4,  sp.gr. 
P2]/a,  dx-ray“3.522  g/cm3,  dpyCn=3.48  g/cm3] 
and  CaSnSiCty  [a=(7.07±0.01)  A,  b=(8.78±0.01) 
A,  c=(6.57±0.01)  A,  p=(l  13.86  ±  0.05)°,  v=373.0 

A3,  z=4,  dx-ray=4-684  g/cm3>  dpycn= 

4.61g/cm3]  are  in  agreement  with  the  available 
literary  data  [2,  3].  It  has  been  established  [3] 
that  at  T<(615  ±  15)°C  in  this  system  there  is  an 
area  of  nonmixing  (dissolving  maximum  at  Ti/Sn 
=  3/1). 

All  the  solid  solutions  are  of  semiconduct¬ 
ing  character.  Fig.  1  represents  a  dependence  of 
the  sample  electric  conductivity  on  its  composi¬ 


tion.  Electric  conductivity  is  strongly  dependent 
on  temperature  (Fig.  2).  For  instance,  the  in¬ 
crease  in  temperature  from  500  up  to  625  K  re¬ 
sults  in  the  increase  of  CaTiQ^Sno.gSiCty  spe¬ 
cific  electric  conductivity  by  a  factor  of  103. 


Fig.  1.  CaTi j_xSnxSiOj  samples:  specific  elec¬ 
tric  conductivity  as  a  function  of  composition. 

Fig.  2.  CaSnSiOy  (1)  and  Ca  Tig,  2^n  0. 8^5  (2) 
samples:  electric  conductivity  as  a  function  of 
temperature. 

In  the  system  of  CaTiSiOs-YFeTiOs  two 

phases  of  a  variable  composition  are  formed  with 
a  wide  area  of  homogeneity,  a-phase  (0<x<0.45) 
is  crystallized  in  sphene  lattice.  Substitution  of  up 
to  45  %  Ca2+  and  Si4+  does  not  result  in  a  sig¬ 
nificant  variation  of  the  lattice.  Fe3+  ions  occupy 
oxygen  surrounding  voids  which  were  previously 
filled  by  Si4+  ions,  and  Y3+  ions  occupy  polyhe¬ 
dral  voids  earlier  filled  by  Ca3+  ions.  Mossbauer 
spectra  of  a-phase  have  some  lines  corresponding 
to  three  states  of  iron.  Introduction  of  less  elec¬ 
tropositive  yttrium  instead  of  calcium  leads  to  an 
increase  in  the  covalence  share  of  M-0  bond  and 
the  sample  electric  conductivity. 


Fig.  3.  Ca l-xYxTiSi ]-xFexO$  samples:  density 
as  a  function  of  composition 

P-phase  samples  (0.55  <  x  <1.0)  are  crys¬ 
tallized  in  rhombic  syngony  in  pseudobrookite 
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structure  (Table  1).  Ti4+  ions  occupy  octahedral 
oxygen  interstices.  Substitution  of  Ca2+  for  Y^+ 
results  in  the  lattice  ordering.  Fe3+  ions  have 
unusual  coordination  that  can  be  described  as 
distorted  tetrahedron  [4].  In  the  whole  concen¬ 
tration  interval  introduction  of  Fe3+  ions  leads 
to  an  increase  in  the  sample  density  (Fig.  3). 

Table  1. 


Elementary  cell  parameters  of  f-phase  samples 
°f  Cal-xYxTiSil-xFex°5  system 


D 

a,  A 

b,  A 

c,  A 

EH 

9,61±0,05 

8,31±0,05 

3,81+0,05 

fijif 

9,95±0,05 

9,12±0,05 

3,86+0,05 

Ha 

10,746+0,002 

9,922+0,002 

3,849+0,002 

Substitution  of  Ca^+  and  SH+  ions  for 
Fe3+  and  Y4+  ions  results  in  an  increase  in  elec¬ 
tric  conductivity  and  dielectric  permeability  and 
a  decrease  in  the  forbidden  zone  width  of  the 
samples  of  both  phases.  In  the  a-phase  area  the 
dielectric  permeability  stays  practically  invari¬ 
able  while  the  specific  electric  conductivity  is 
increased  by  a  factor  of  10A  Such  a  considerable 
increase  in  electric  conductivity  indicates  a  de¬ 
crease  in  current  carriers  concentration.  It  proves 
a  decrease  in  the  ionicity  degree  of  the  chemical 
bond  of  metal -oxygen  in  the  crystal.  In  the  P- 
phase  area  the  specific  electric  conductivity 
grows  insignificantly  while  the  dielectric  perme¬ 
ability  increases  more  than  twice. 

YFeTi05-YFeSnC>5  system  is  single¬ 
phase.  All  the  samples  of  YFeTii_xSnx05  are 
crystallized  in  pseudobrookite  structure.  Substi¬ 
tution  of  Ti4+  ions  for  Sn^+  ions  does  not  lead 
to  significant  changes  in  the  crystal  lattice  in  the 
whole  concentration  interval  (Fig.  4).  Only  a 
slight  increase  in  the  elementary  cell  volume  is 
observed.  It  is  explained  by  a  difference  in  the 
effective  ion  radii  of  Ti4+  and  Sn^+.  The  pa¬ 
rameters  of  the  elementary  cell  are  linearly  de¬ 
pendent  on  the  composition.  However,  the 
changes  in  the  sample  densities  are  more  remark¬ 
able  and  linear  (Fig.  4). 


Fig.  4.  Elementaiy  cell  parameters  of 


YFeTij.xSnxOy  samples  as  a  function 
of  composition. 

The  elementary  cell  parameters  of 
YFeSn05  [a=(10.742±0.005)A, 

b=(9.925±0.005)A,  c=  (3.878±0.005)A,  z=4, 
v=413.450  A3,  dx-ray=  5.516  g/cm3, 
dpycn=5-42  g/cm3]  differ  insignificantly  from 
those  of  NdFeTiOs  (a’— 10.599  A,  b=8.746  A, 
c’=  4.134  A)  [5], 

Comparison  of  Mossbauer  spectra  of  Sn^  19 
has  indicated  that  isomeric  shift  of  Sn^+  ions  in 
Sn02  is  lower  than  that  in  YFeSn05.  It  proves 
higher  covalence  degree  of  Sn-O  bond  in 
YFeSnOs  than  in  Sn02-  The  same  result  was  ob¬ 
tained  for  Sn02  and  Fe2Sn05  [5], 

Substitution  of  Ti^+  ions  for  Sn4+  ions  re¬ 
sults  in  an  increase  in  electric  conductivity  and 
dielectric  permeability  and  a  decrease  in  the  sam- 
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Thermoexfoliated  graphite  (TEG)  is  a  product  of 
multistage  thermal  and  chemical  processing  of 
natural  graphite,  capacity  of  which  manufacturing 
in  our  country  is  the  largest  in  Europe.  The 
technology  of  TEG  obtaining  is  investigated  in 
detail  [1,2]. 

The  Graphite  of  the  Zavallya  Combine  of  type 
GAK-2  is  oxidized  by  mixture  of  concentrated 
sulphuric  acid  and  hydrogen  superoxide.  Then  it 
is  washed,  vacuum-filtered  and  dried  out.  The 
technology  of  continuous  drying  of  oxidized 
graphite  is  investigated  in  spouted  bed  device  to 
decrease  losses  of  sulphuric  acid  from  bisulfate 
complex,  and  to  avoid  of  a  partial  exfoliation  of 
graphite.  Air  with  temperature  of  200°C  serves  as 
a  drying  agent.  Drying  machine  provided  with 
continuous  drying  of  oxidized  graphite  from 
initial  moisture  of  40%  to  final  one  of  1-2%. 

Exfoliation  of  oxidized  graphite  is  realized  in 
continuous  gas  furnace  with  temperature  of 
working  zone  900-1100  °C  by  original 
technology.  The  obtained  material  with  bulk 
density  of  3-r5  g/dm3  is  forwarded  to  the  bunker- 
store  by  pneumatic  transport. 

Thermoexfoliated  graphite  has  ability  to  take 
some  form  without  binding  substances  addition. 
The  material  can  be  transformed  into  sheets  or 
volumetric  products  by  rolling  or  pressing. 

According  to  their  chemical  nature  the  graphite 
materials  have  chemical  stability,  high  heat  and 
electric  conductivity,  stability  under  radiation,  low 
factor  of  friction,  friendly  to  environment. 
Alongside  with  it,  materials  have  elastic  -  plastic 
properties,  which  are  important  for  sealing 
materials.  Thus,  products  from  TEG  represent  a 
new  class  of  graphite  materials  with  an  unique  set 
of  useful  properties,  which  make  them  rather 
perspective  for  the  most  various  conditions  of 
application,  including  extremal  ones.  A 
temperature  range  of  their  application  without  loss 
of  properties  is  from  cryogenic  temperatures  up  to 
+2000°  C  (in  vacuum  and  protective  medium)  and 
up  to  600°C  on  air. 


The  most  important  technological  operation  in 
technology  of  a  graphite  sheet  obtaining  is  rolling 
of  a  graphite  powder.  As  a  result  of  continuous 
rollings  it  is  possible  to  obtain  thin  graphite  foil 
(thickness  0,2-U,0  mm),  cardboard  (thickness  U3 
mm)  and  also  a  sheet  reinforced  with  a  wire-net  or 
a  metal  foil.  The  graphite  foil,  besides  its  basic 
purpose,  also  serves  as  raw  material  for  obtaining 
of  more  composite  materials:  sealing  rings,  waved 
graphite  plaits,  strings,  etc. 

Strength  of  articles  depends  on  such  properties  as 
pressability  of  TEG  source  powders  with  different 
density,  and  from  method  of  compaction. 
(Preliminary  compaction  TEG  powder  before 
pressing  is  compulsory  operation,  which  is 
necessary  to  obtain  the  articles  with  the  rather 
large  size,  in  other  case  we  need  very  big  size 
pressform). 

The  diagram  of  pressing  of  noncompacted  (p  =  5 
g/dm3)  and  compacted  (p=  100  g/dm3)  powder 
TEG  is  shown  at  fig.l.  The  Bending  strength  of 
pressed  articles  from  same  source  powders  is 
shown  at  fig. 2. 

The  following  conclusions  can  be  done  from 
above-mentioned  data: 

1.  The  preliminary  compaction  of  a  source 
powder  decreases  strength  of  pressed  articles 
(twice  up  to  p  =  1,8  g/cm3). 

2.  Rings,  which  are  pressed  from  preliminary 
winded  graphite  foil,  are  stronger  than  ones 
from  non-winded  powder. 

3.  The  graphitic  articles  must  be  pressed  up  to  1,4- 

2,0  g/cm3  to  have  maximal  strength  (pressure 
-  from  a  fig.  1 .) 

Above-mentioned  data  are  used  for  realisation  of 
technology  of  graphite  powder  rolling,  because 
the  TEG  rolling  process  can  be  considered  as 
continuous  pressing. 

The  rolling  line  for  continuous  graphite  sheets 
producing  of  width  300  mm  has  been  designed 
and  erected. 
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Fig.l.  Pressing  diagram  for  compacted  and 
noncompacted  TEG  powder: 

1-  noncompacted  powder  (5  g/cm3), 

2-  compacted  powder  (100  g/cm3) 


Fig. 2.  Bending  strength  of  pressed  articles  with 
different  density:  1-  noncompacted  powder  (5 
g/cm3),  2-  compacted  powder  (100g/cm3) 


1  -  loading  hopper,  2-  preliminary  compacting 
rolling  mill,  3  -  first  finish  housing, 

4-  second  finish  housing,  5  -  bobbin 

The  line  consists  of  preliminary  compaction  mill 
and  of  two  stands  of  rolls  for  finish  rolling.  The 
rough  -  rolling  mill  has  two  conveyors,  which  are 
located  with  angle  5  -  20  °  to  one  another. 

The  noncompacted  TEG  powder  is  dispensed  to 
loading  hopper  by  pneumatic  transport,  and  then  it 
is  pressed  between  conveyors  to  400-600  g/dm3. 
Dependence  of  graphite  sheets  quality  from 
rolling  velocity,  an  angle  between  two  conveyors, 
bulk  density  of  TEG  powder  and  other  parameters 
have  been  investigated.  It  has  been  established 
that  optimal  rate  of  compacting  on  each  stage  of 
rolling  takes  place.  If  the  rate  of  compacting  is  too 
much,  the  sheets  have  structure  inhomogeneous 
like  an  ear  swelling.  This  phenomenon  has  been 
also  discovered  in  cases,  when  rolling  velocity 
was  too  much.  This  is  why  the  rolling  velocity  in 


our  experiments  was  not  more  then  0,5  m/min. 
Desired  characteristics  (thickness  and  density)  of 
graphite  sheet  obtained  after  finish  rolling.  The 
rotating  speed  of  all  three  pair  of  rolls  has  been 
coordinated  in  every  cases  of  operation.  Both 
conveyors  have  been  provided  with  ribbons  from 
stainless  steel. 

Under  a  rolling  speed  of  0,1  -  0,5m/min  it  was 
possible  to  obtain  the  elastic  graphite  sheets  with  a 
thickness  from  0,2  mm  up  to  2,0  mm  and  density 
800  -  1200  g/dm3. 

Thie  tensile  strength  of  a  sheet  is  about  4-^6  MPa. 
It  is  found  that  the  tensile  strength  of  the  sheets 
from  compacted  powder  was  much  lower. 

Described  method  gives  possibility  to  obtain  the 
gaskets  and  sealing  articles.  It  is  one  of  ways  of 
the  sealing  materials  deficit  abatement. 

Besides  that  we  deal  with  TEG  powder  as  very 
perspective  sorbent  for  emergency  spillage 
removal  of  different  organic  liquids  from  water 
surface  and  from  the  ground  [3]. 
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For  many  years  the  performance  of  WC-Co-base 
composite  materials  was  evaluated  through  the  use 
of  bending  strength  (i?bm)  and  impact  strength 
which  are  an  integral  test  result  as  the  above 
characteristics  essentially  depend  on  specimen 
shape  and  size,  porosity  and  crack-type  defects, 
and  surface  layer  state.  The  fracture  toughness 
characteristics  are  free  of  this  disadvantage. 
Recently,  a  great  number  of  papers  were  devoted  to 
the  fracture  toughness  tests  to  determine  the 
strength  and  wear  resistance  of  cemented  carbides. 
Attempts  have  been  made  to  correlate  the  fracture 
toughness  of  cemented  carbides,  on  the  one  hand, 
and  other  mechanical  characteristics,  microstruc¬ 
ture  parameters  and  wear  resistance,  on  the  other 
hand.  Analysis  of  theoretical  and  experimental 
studies  on  this  problem  and  the  authors' 
experimental  results  offers  an  idea  of  possible 
application  of  the  fracture  toughness  to  evaluate  the 
quality  of  cemented  carbide  products. 

To  measure  the  fracture  toughness  of  cemented 
carbides  the  values  of  critical  stress  intensity  factor 
K\q  and  of  elastic  energy  release  rate  Gqc  are 
used.  In  the  present  work  the  fracture  toughness 
(Xic)  was  measured  in  3-point  bending  of  a 
5x5x35  mm  beam  specimen.  Analysis  of  a  variety 
of  methods  and  results  of  tests  of  cemented 
carbides  suggests  that  the  specimen  precracking 
procedure  is  one  of  the  most  important  features  of 
the  K\  c  measurement  technique.  Following 
methodical  principles  of  the  fracture  mechanics, 
the  test  specimens  should  have  initiated  sharp 
cracks.  In  some  cases  tests  specimens  were 
precracked  by  electric-  discharge-  machining  with 
the  use  of  a  tungsten  wire  or  a  copper  foil.  In  doing 
so,  from  the  notch  tip,  due  to  thermal  action, 
fracture-initiating  microcracks  appear.  The  Aqc 
values  for  specimens  containing  an  initial  (fatigue) 
crack  and  for  those  containing  an  electric- 
discharge-machined  crack  are  correlated. 
Therefore,  the  electric  discharge  precracking  of  a 
specimen,  as  a  more  simple  procedure  was  used  in 
the  present  work. 

Two  groups  of  WC-Co  specimens  of  various  Co 
content  were  tested.  Cemented  carbides  of  the  first 
group  were  produced  on  the  base  of  commercially 


available  tungsten  carbide  WC  (tungsten  reduction 
temperature  =  1170K,  carbide-formation  tempera¬ 
ture  =  1720K);  cemented  carbides  of  the  second 
group  were  produced  on  the  base  of  high- 
temperature  WC  carbide  (tungsten  temperature 
reduction  =  1470K,  carbide-formation  temperature 
=  2470K).  Cemented  carbides  of  the  first  group 
varied  in  Co-content  but  contained  WC  grains  of 

the  same  mean  size  ( d  wc  =  2  pm),  whereas 
cemented  carbides  of  the  second  group  varied  both 
in  composition  and  in  grain  size. 

Figure  1  shows  the  results  of  fracture  toughness 
tests.  It  is  seen  that  a  batch  of  carbides  containing 
WC  grains  of  the  same  size  shows  a  roughly  linear 
increase  in  the  K jq  value  with  Co  content.  The 
same  is  reported  by  other  authors.  An  agreement 
between  curve  1  and  curve  2  (see  Fig.  1)  suggests 
that  the  K\q  value  does  not  depend  on  the  carbide 
phase  properties.  With  equal  Co  content,  the  grain 
size  dependence  of  Aqc  is  either  linear  (curve  1, 
Fig.  2),  or  almost  linear,  bit  in  all  cases  the  K\q 

value  increases  with  d  wc .  Chermant  and 
Osterstock  [1]  defined  a  linear  relation  between 

K]Q  and  both  cobalt  mean  free  path  lco  with  d wc 
being  constant  and  square  root  of  mean  WC 
particle  diameter  with  constant  value  of  Co  mean 
free  path.  Thus,  the  main  parameters  which  control 
the  K\c  value  are  the  volume  content  of  Co 

(FyCo)  and  Co  mean  free  path  lco  which  varies 

directly  with  d wc.  The  bending  strength  (Rbm) 
which  is  a  standardized  characteristic  for  the 
evaluation  of  cemented  carbide  quality,  is  also 

dependent  of  FvCo  and  ^  wc  values.  But  in  case  of 

FyCo  increase  from  9  to  20%  when  d  wc  =1.4  pm 
Rbm  increases  by  13%,  while  K\q  increases  by 
30%  [2],  On  the  other  hand  we  have  shown  that 
i?bm  essentially  depends  on  the  existence  of  pores 
which  act  as  stress  raisers,  whereas  the  fracture 
toughness  is  unaffected  by  this  factor. 

Taking  account  of  this  evidence  as  well  as  the  fact 
that  R\) m  essentially  depends  on  the  surface  layer 
state,  whereas  K\q  does  not,  there  is  little  sense  in 
finding  correlation  between  K\c  and  i?bm. 
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It  follows  from  the  above  statements  that  Aqc  °f 
cemented  carbides  is  defined  by  a  binding  phase 
content  and  state.  But  the  state  of  the  binding  phase 
which  is  a  solid  solution  of  tungsten  and  carbon  in 
cobalt  depends  not  only  on  its  geometrical 

dimensions  [/o>=  f(^VCo>  d  wc )]  but  on  its 
composition  as  well.  An  increase  in  the  binding 
phase  hardness  due  to  the  solution  of  an  added 
amount  of  tungsten  increases  the  K\q  value.  The 
degree  of  tungsten  and  carbon  solubility  in  cobalt 
essentially  depends  on  the  total  carbon  content  in  a 
cemented  carbide  and  cooling  conditions.  Under 

otherwise  identical  conditions  (IVCo  an^  d wc) 
variation  of  K\q  will  show  the  binder  phase  state. 
The  results  of  investigations  into  the  optimization 
of  conditions  of  strengthening  cemented  carbides 
by  heat  treatment  and  defining  the  mechanism  of 
the  process,  may  be  taken  as  an  example  of  the  use 
of  the  fracture  toughness  criterion  for  the 
evaluation  of  the  cemented  carbide  quality.  It 
follows  from  the  section  through  the  Co-WC  line  in 
the  ternary  phase  diagram  of  the  W-Co-C  system 
that  by  quenching  sintered  carbides  one  can  control 
the  degree  of  the  solubility  of  tungsten  and  carbon 
in  the  binding  cobalt  phase.  After  quenching,  the 
cemented  carbide  permeability  decreases  by  15- 
30%  and  the  coercive  force  by  7-12%  as  compared 
with  the  initial  state.  These  data  and  the  results  of 
X-ray  analysis  provide  support  for  the  increase  of 
the  tungsten  content  in  the  binder  by  1-5% 
depending  on  the  cemented  carbide  composition 
and  heat  treatment  conditions.  In  turn,  the  change 
in  the  binder  state  correlates  well  with  the  value  of 
the  carbide  fracture  toughness.  In  some  cases 
where  other  criteria  remained  unchanged  before 
and  after  heat  strengthening  of  cemented  carbides, 
it  was  the  degree  of  the  Xjc  value  increase  that 


Fig.  1.  Fracture  toughness  as  a  function  of  the  Co  volume 

content:  1  is  the  first  group  of  cemented  carbides,  d  wc  =  2 
pm;  2,3,4  are  the  second  group  of  cemented  carbides, 

d  wc  =  2.5, 3.5,  and  9  pm,  respectively. 


allowed  the  optimal  quenching  conditions  to  be 
determined.  Specifically,  this  criterion  enabled  one 
to  show  the  possibility  and  expediency  of 
strengthening  very  fine-grained  carbides  by 
quenching. 

Thus,  K\q  which  is  specimen  size  independent 
represents  a  material  property  and  allows 
comparison  of  fracture  toughness  of  cemented 
carbides  that  are  entirely  different  in  composition 
and  structure. 

On  the  other  hand,  products  of  crack-containing 
cemented  carbides  of  low  plasticity  are  not 
intended  for  use  under  operating  conditions.  The 
Aqc  parameter  does  not  allow  a  unique 
determination  of  product  performance.  This 
follows  from  test  results  obtained  on  high- 
temperature  WC-base  cemented  carbides:  with 

equal  V\qq,  d wc  the  K\q  values  for  alloys  from 
conventional  and  high-temperature  carbides  are 
equal,  whereas  the  durability  of  high-  temperature 
WC-base  cemented  carbides  is  3  to  5  times  that  of 
conventional  cemented  carbides. 

At  the  same  time  when  developing  modem 
processes  of  cemented  carbide  production,  which 
involve  the  use  of  new  gaseous  media  when 
sintering,  alloy  additives,  heat  treatment,  etc.,  the 
determination  of  the  binder  phase  state  from  the 
K\q  parameter  of  the  cemented  carbide  allows  a 
controlled  improvement  of  the  process. 
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Increase  in  longevity  and  reliability  of  car 
details  and  other  machines  in  consequence  of 
using  of  CM  on  the  base  of  aluminium  alloys  is 
actual  and  important  problem,  all  known  giant 
automobile  companies  works  in  decision  of 
which.  The  amounts  of  light  metals  using  in 
autoindustry  quickly  increase.  For  instance,  at 
present  time  a  car  of  AUDI  A8  mark  consists  at 
34  %  from  aluminium  details  and  only  40%  of 
steel  products.  The  alternatives  of  CM  using  for 
above  mentioned  purposes  in  practice  does  not 
exist.  However  expansion  of  CM  using  in 
.autoindustry  and  other  areas  of  mass  machine- 
building  be  hold  because  of  reinforcing  elements 
high  cost:  SiC  or  A1203.  In  addition,  fibrous 
crystals  are  scarce,  expensive  and  give  the 
disperse  of  characteristics. 

The  analysis  of  information  from 
available  literature  has  shown  that  oxides  and 
row  of  compounds  on  their  base  have  the  high 
refractory,  chemical  stability  in  greater  interval  of 
the  temperature  and  can  be  a  perspective  material 
for  reinforcing  of  aluminium  alloy.  For  study 
aluminosilicate  be  chosen,  which  have  high 
temperature  of  melting  (to  1900  °C),  density 
(2200-2500  kg/m3)  is  not  far  to  density  of  melted 
aluminium  .  The  area  of  warm-up  stability  of 
aluminosilicate  exceeds  the  aluminium  alloys  by 
900  °C,  which  allows  to  forecast  increasing  of  CM 
thermostability. 

There  are  CM  on  the  base  of  matrix  alloy  of 
mark  AK12M2MrH,  reinforced  by  particles  horn 
aluminosilicate  (100-300  mcm)  and  silicon 
carbide  (10-150  mcm).  To  define  the  perspective 
reinforcing  systems,  are  organised  comparative 
tribotechnical  test  of  CM.  For  comparison,  used 
samples  which  be  sliced  from  piston  body  of 
"Hicapyc"  bus  (  the  alloy  type  AK12M2MrH). 

Tribotets  carryed  by  the  friction  machine 
MT68  at  diy  and  fluid  friction  mode  by 
conterbody  from  steel  65T  under  normal  loading 
P=6,3  kg/sm2  and  12,7  kg/sm2  and  velocities  of 


slide  V=5,  10,  15  m/s.  (111.1.  P=6,3  kg/sm2;  a)  V=5 
m/s;  b)  V=10  m/s). 


Alloy 

Contents  of  components,  %  of 
mass 

Phase 

composi¬ 
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The  results  of  the  test  have  shown  that 
reinforced  CM  with  aluminosilicate  particles  and 
silicon  carbide  far  less  abrades,  than  piston  from 
aluminium  “HKapyc”alloy.  From  presented 
variants,  the  CM  reinforced  by  aluminosilicate 
particles  has  preference  in  wear  resistance. 
Herewith,  the  variant  when  content  of  reinforcing 
SiC  phase  is  5%,  as  well  as  at  3-4  %  of 
aluminosilicate,  both  have  closed  value  of  wear-out. 
At  increasing  of  amount  of  SiC  in  CM  before  1 5%, 
then  wearability  reduction  similar  one  then 
increase  of  aluminosilicate  amount  before  6-8%. 

CM  triboindex  change  with  increasing  of 
velocities  of  slide  and  loading  (111.2):  wear-out 
increase  of  the  samples.  At  containing  6-8%  of 
reinforcing  phase,  CM  work  more  effectively.  For 
event  of  contents  3-4%  of  aluminosilicate,  with 
increasing  of  loading  before  12,7  kg/sm2  and 
velocities  of  slide  over  10  m/s  at  conditions  of  dry 
friction,  CM  destruction  are  determined. 
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Ill.  la.  Ill.  16. 

P  =  6,3  kg/sm2;  V  =  10  m/c.  P  =  6,3  kg/sm2;  V  =  5  m/c. 

1  -  Poston  alloy  «HKapyc»;  2  -  3-4%  aluminosilicate;  3  -  6-8%  aluminosilicate;  4  -  5%  SiC;  5  -  15%  SiC. 


The  identical  results  are  got  at  tribotests  of  CM  at 
friction  with  lubricant.  The  loss  of  mass  and 
friction  coefficient  in  these  case  decrease  by  25- 
30%. 

Intensive  wetting  of  aluminosilicate  grains 
by  aluminium  is  determined  by  CM  structure 
studies.  The  connecting  zone  formed  as  a  result  of 
partial  interaction  of  phases.  By  means  of  X-ray 
spectral  microanalysis  of  CM  on  interaction 
border  of  non-metallic  component  enrichment  by 
copper  is  defined,  but  aluminium  alloy  -  by 
silicon  and  calcium.  Sometimes  aluminosilicate 
grains  impregnation  by  aluminium  is  discovered. 
Probably  discovered  phenomena’s  promote  to 
increase  of  toughness  of  the  reinforcing  and 
matrix  joining. 

Data  are  indicating  that  economically 
reinforced  materials  at  aluminium  base  are 
perspective  for  increasing  of  reliability  and 
longevity  of  the  piston-con-rod  group  of  details 
of  cars  and  tractors,  others  tribo-details  in  units  of 
friction  of  mechanisms  and  agricultural  machines, 
processing  and  others  technology  of  mass 
machine  building. 


V,  m/c 

- -  P  =  6,3  kg/sm2; 

- P  =12,7  kg/sm2. 

1  -  3-4%;  2  -  6-8%  aluminosilicate. 

111.2 
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MECHANICAL  PROPERTIES  OF  THE  COMPOSITES  IN-SITU 
BASED  ON  TITANIUM-BORIDE  EUTECTIC 
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The  development  of  titanium-boride  composites 
becomes  noticed  in  last  years  and  has  been 
dominated  by  attempts  to  prepare  materials  by 
powder  metallurgy  techniques.  Data  on  as-cast 
in-situ  titanium  composites  containing  borides  is 
rather  scarce.  However,  it  is  known  that  negligible 
porosity  and  high  thermal  stability  of  the  eutectic 
structure  can  be  great  advantages  of  as-cast 
composites  in  comparison  with  powder-based 
approaches.  For  the  binary  Ti-B  system,  a  uniform 
eutectic  structure  (Ti)  +  TiB  is  observed  at  the 
boron  content  of  7.5  at.%.  The  volume  content  of 
reinforcing  phase  in  the  binary  alloy  is  ~10  %,  and 
the  hardness  is  found  to  be  quite  high  at  room 
temperature  (1.5-2  GPa).  The  hardness  decreases 
with  increasing  temperature  to  0.25  GPa  at  700°C. 
It  is  known  that  the  strength  characteristics  of 
alloys  may  be  increased  significantly  by  rational 
alloying.  The  influence  of  Al,  Si,  Ge,  Sn,  Zr,  V, 
and  Nb  additions  on  the  strength  of  as-cast  eutectic 
(Ti)  +  (TiB)  alloys  was  investigated  in  the  present 
work. 

The  strength  characteristics  of  the  eutectic  alloys 
under  investigation  have  been  estimated  by  hot 
hardness  measurements  in  a  vacuum  in  the 
temperature  interval  from  RT  to  800°C.  Such  an 
approach  is  shown  to  be  a  good  express  method  of 
yield  stress  estimation.  As  it  follows  from  our 
special  experiment,  the  values  of  yield  stress 
obtained  by  compression  tests  were  in  good 
correlation  with  the  estimated  yield  stress  as  HV/3. 
The  binary  Ti92.5B7.5  eutectic  alloy  was  chosen  for 
investigation  as  a  basis.  The  alloying  with  Al  (from 
4.3  to  12.8  at.%)  marked  increase  in  hardness  in 
the  full  temperature  range  under  investigation. 
Thus,  for  the  alloy  containing  12.8  at.%  Al,  at  RT 
the  hardness  is  by  two  times  higher  and  at  700°C  it 
is  four  times  higher  than  for  the  base  binaiy 
eutectic  alloy.  The  appearance  of  a2  phase  in  the 
alloy  at  30  at.%  Al  increases  the  hardness  to  4.2 
GPa  at  RT  and  to  2.8  GPa  at  700°C.  Taking  into 
account  that  Al  is  a  promising  alloying  addition, 
the  eutectic  alloy  Ti84Alg.5B7.5  containing  10  at.% 


Al  in  the  matrix  was  chosen  for  investigation  as  a 
base  ternary  alloy. 

The  influence  of  two  groups  alloying  additions 
( d -  and  p-elements)  on  mechanical  properties  of 
the  binary  Ti92.5B7.5  and  ternary  Ti84Al8.5B7.5 
eutectic  alloys  was  investigated.  Alloying  of  the 
binary  (Ti)  +  (TiB)  eutectic  alloy  (composition 
Ti92.5B75)  by  d-elements  (such  as  V  and  Nb) 
increases  the  hardness  at  temperatures  up  to  500°C 
(to  ~4  GPa  for  V  and  to  ~3  GPa  for  Nb  at  RT), 
while  additions  of  /j-elements  (such  as  Ge  and  Sn) 
to  the  binary  eutectic  alloy  increased  the  hardness 
in  the  full  temperature  interval  under  investigation. 
Ge  was  found  to  be  somewhat  more  effective  in 
hardening  than  was  Sn  (e.g.  3.8  GPa  at  RT  and  0.7 
GPa  at  700°C  for  the  alloy  Ti87.4Ge5.iB7.5).  The 
maximal  values  of  hardness  are  obtained  in  alloys 
containing  intermetallic  phase  together  with 
boride. 

The  contribution  of  each  alloying  component  under 
investigation  to  hot  hardness  was  analyzed.  The 
relative  influence  of  fourth  component  additions  on 
the  hardness  of  the  ternary  eutectic  alloy 
Ti84Al8  5B7.5  is  almost  the  same  as  the  influence  of 
the  third  one  on  the  hardness  of  the  binary  alloy 
Ti92  5B7  5.  As  a  result  of  the  joint  influence  of  the 
fourth  component  and  Al,  the  hardness  of 
quaternary  alloys  reaches  significantly  higher 
values,  e.g.  4.5  GPa  at  RT  and  2.3  GPa  at  700°C 
for  the  alloy  Ti7g.9Al8.5Ge51B7.5. 

The  metal  matrix  was  shown  to  play  a  significant 
part  in  the  high  temperature  strength  properties  of 
eutectic  composites.  The  starting  temperature  of 
sharp  softening  for  the  eutectic  alloy  coincides 
with  that  of  its  matrix.  Aluminium  has  the  best 
influence  on  this  temperature. 
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Alloys  of  the  Ti-Ni  system  were  the  first 
materials  studied  as  hydride  electrodes  in  secon¬ 
dary  chemical  power  sources  [1],  Hydrogen  ab¬ 
sorption  capacity  of  the  Ti2Ni  intermetallics  is 
about  2.9  at.H/f.u.,  which  value  corresponds  to  498 
mAxh/g  discharge  capacity  when  the  electro¬ 
chemical  desorption  of  hydrogen  completes.  How¬ 
ever,  practically  observed  discharging  capacity  of 
electrodes  on  the  basis  of  Ti2Ni  is  much  lower, 
160-200  mAxh/g.  Moreover,  during  5-10  charge- 
discharge  cycles  the  capacity  substantially  drops. 
So,  this  deviates  the  research  interest  from  this 
class  of  compounds  onto  other  systems.  Neverthe¬ 
less,  low  cost  of  the  Ti-Ni  alloys  and  the  possibil¬ 
ity  of  enhancement  of  their  technical  characteris¬ 
tics  remain  them  in  the  list  of  prominent  electrode 
materials  for  Ni-MH  batteries.  This  work  is  further 
studies  (see  also  [2])  of  oxide  modification  influ¬ 
ence  on  charging-discharging  of  metal  hydride 
electrodes  on  the  basis  of  Ti2Ni  compound.  We 
applied  also  the  preliminary  treatment  by  the  hy¬ 
drogenation  -  disproportionation  -  desorption  -  re¬ 
combination  (HDDR)  route  for  the  study  of  its  in¬ 
fluence  on  electrode  characteristics  of  alloys 
through  increase  of  their  homogeneity  and  micro- 
structural  uniformity.  This  technology  is  applied  in 
preparation  of  permanent  magnets  on  the  basis  of 
intermetallics  of  RE  metals.  The  Ti2Ni  alloys  eas¬ 
ily  disproportionate  in  hydrogen  when  heated 
above  200  °C,  this  allowed  us  to  propose  the 
HDDR  technology  for  preliminary  treatment  of 
metal  hydride  electrode  materials. 

The  synthesis  of  hydrides  of  Ti4Ni2O0.3, 
Ti3  8Zr0.2Ni2,  Ti3,8Zr0,2Ni2Oo.3  alloys  and  their  elec¬ 
trochemical  charge-discharge  testing  were  con¬ 
ducted  according  to  procedures  described  in  [2], 
The  only  phase  constituent  in  (Ti,Zr)4Ni2Ox  alloys 
was  found  to  be  the  7-phase  with  the  structure  of 
Ti2Ni  (7-Fe3W3C)  type.  Thanking  to  the  insertion  of 
oxygen  atoms  into  crystal  lattice  and  their  influence 
on  absorbed  hydrogen,  oxide-modified  alloys  are 
characterised  by  enhanced  hydrogen  desorption  and 
increased  pressure  of  the  p-c-T  plateau  [3],  We  sug¬ 
gested  that  oxide-stabilised  IMC  could  have  better 
electrochemical  discharge  characteristics  as  well. 


The  results  of  charge-discharge  tests  showed  that 
capacity  of  the  Ti3  8Zr0.2Ni2O0.3-based  metal  hy¬ 
dride  electrode  is  almost  twice  higher  than  that  of 
oxygenless  alloys.  These  results  correlate  with  data 
for  Ti4Ni2Ox  (x=0;  0.3)  alloys  and  indicate  that  the 
rise  in  capacity  under  conditions  of  oxide  modifi¬ 
cation  is  general  for  this  type  of  alloys.  Such  modi¬ 
fication  is  obviously  prominent  for  other  types  of 
intermetallics  used  as  metal  hydride  electrodes, 
which  structures  could  accommodate  atoms  of 
oxygen  or  other  non-metal  elements. 

The  following  regime  of  the  HDDR  process 
was  applied  for  the  Ti4Ni2O03  compound:  dispro¬ 
portionation  in  hydrogen  -  700°C,  10  h;  desorp¬ 
tion-recombination  in  vacuum  by  heating  up  to 
750  °C  with  1  h  dwelling.  As  shown  by  X-ray  dif¬ 
fraction,  the  disproportionation  did  not  result  in 
complete  degradation  of  the  7-phase  into  TiHx  and 
TiNiHx  (Ni).  This  confirms  that  oxide  modification 
complicates  the  disproportionation  process.  After 
recombination  we  received  a  material,  which  X-ray 
diffraction  pattern  showed  better  homogeneity  and 
microstructural  uniformity  of  the  sample.  The  dis¬ 
charge  capacities  of  starting,  disproportionated  and 
recombined  samples  were  studied  during  10  cy¬ 
cles.  A  single  phase  Ti4Ni2O03  alloy,  obtained 
through  the  HDDR  processing,  during  10  cycles 
showed  20-40  %  higher  discharging  capacity  with 
much  lower  drop  compared  to  the  non-treated 
Ti4Ni2O0.3  alloy  (265-150  mAxh/g).  This  fact  is  an 
indication  of  the  positive  influence  of  the  HDDR  - 
process  on  electrode  characteristics  of  the  alloy 
through  the  refinement  of  its  microstructure. 
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The  loss  control  on  friction  and  deterioration  of 
mobile  articulations  of  machines  and  gears  is  one 
of  most  serious  problems  of  modem  engineering. 

The  in-service  experience  of  the  plant  electro-  ro¬ 
tary  pumps  (PERP)  has  shown,  that  the  thrust 
bearings  have  poor  reliability  [1].  To  ensure  indis¬ 
pensable  reliability  of  activity  of  parts  and  clusters 
in  any  conditions,  it  is  important  to  pick  up  an  op¬ 
timum  structure  of  an  antifriction  stuff. 

Now  clusters  of  friction  are  equipped  by  sliding 
bearings,  which  one  can  work  both  with  lubrica¬ 
tion,  and  without  it.  The  bearing  boxes  working 
with  lubrication,  have  some  essential  lacks  (not  a 
constructibility,  sensitivity  irregularities  in  lubri¬ 
cation  etc.),  they  cannot  be  used  for  activity  in  ex¬ 
treme  conditions.  In  such  conditions  specially 
relevant  for  modem  engineering,  can  work  self- 
lubricating  bearing  boxes  received  more  often  by 
powder  metallurgical  techniques. 

The  powder  metallurgical  techniques  give  large 
capabilities  for  creation  high-performance  com¬ 
posite  self-lubricating  stuffs.  They  allow  is  more 
differentiated  to  operate  antifriction  properties, 
integrating  in  one  stuff  of  carrier  the  basis  of  in¬ 
dispensable  strength  and  plasticities  from  a  mis¬ 
cellaneous  kind  by  dopes  playing  a  role  of  firm 
lubrications,  or  dopes  actuating  processes  of  for¬ 
mation  of  indispensable  frames  of  a  stuff  and  sec¬ 
ondary  frames  rubbing  layers. 

Traditionally  basis  metallic  self-lubricating  stuffs 
is  cuprum,  which  one  gives  protecting  films  of 
oxides,  has  moderate  predilection  to  grasping, 
provides  fast  run-in.  For  increase  of  efficiency  of 
cuprum  it  dope  by  members,  which  one  will  de- 
rivate  with  cuprum  solid  solution  (tin,  nickel,  iron, 
aluminium  etc.)  [2],  The  greatest  distribution  was 
received  stuffs  which  are  generatrix  as  a  result  of 
doping  of  cuprum,  on  a  steel  substrate  with  sin¬ 
tered  bronze  layer,  porous  bronze,  impregnated 
lubrication,  and  bronze-graphite  stuffs. 


The  porous  tinned  bronze  usually  contains  from  6 
up  to  12  %  of  tin.  Bronze  has  optimum  properties 
(keeping  it  within  the  limits  of  9-^-1 1%).  At  such 
structure  the  formation  of  frame  of  solid  solution 
with  high  strength  properties  is  provided.  Bronze- 
graphite  stuffs  contain  from  1  up  to  25%  of  graph¬ 
ite  depending  on  the  working  conditions  of  stuffs. 
Whereas  the  graphite  does  not  interact  neither  with 
cuprum,  nor  with  tin,  it  esteem  as  the  component, 
executing  role  of  firm  lubrication.  The  film  is 
permanently  restored  at  mechanical  damages  to 
separate  surface  segments  of  friction. 

The  properties  of  bronze  and  bronze- graphite  can 
be  considerably  improved  by  doping  by  such  com¬ 
ponents  as  a  titanium,  nickel,  lead,  zinc  etc.,  and 
also  introducing  of  matters  playing  a  role  of  firm 
lubrication  [2], 

The  efficiency  of  operating  of  firm  lubrication 
keeping  in  self-lubricating  stuff  is  determined  by 
capacity  to  derivate  on  a  friction  surface  solid, 
permanently  restored  separating  layer  so-called 
secondary  frames  or  film  handicapping  originating 
and  development  of  grasping. 

The  introducing  of  firm  lubrications  in  sintered 
antifriction  stuffs  began  from  application  of 
graphite  [2].  The  graphite  renders  specific  influ¬ 
encing  on  properties  of  a  stuff:  than  lower  is  the 
contents  of  graphite,  a  stuff  for  activity  especially 
is  suitable  at  high  loads,  but  than  higher  is  the 
contents  of  graphite,  the  more  perspectively  stuff 
for  activity  at  high  speeds  of  friction  with  small 
loads. 

The  disulphide  of  molybdenum  M0S2  concerns  to 
number  of  conventional  most  studied  firm  lubrica¬ 
tions,  the  greasing  operating  which  one  is  condi¬ 
tioned  by  features  of  a  crystalline  constitution 
(lamination)  and  series  of  other  specific  properties 
-  high  adhesion  to  metallic  surfaces  and  small  en¬ 
ergy  of  a  cleavage  [3]. 
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The  desire  to  receive  an  antifriction  powdered 
material  serviceable  at  different  modes  of  friction, 
results  that  in  stuff  enter  some  components  im¬ 
proving  the  same  properties.  So,  graphite  enter 
together  with  a  disulphide  of  molybdenum  and 
boron  nitride.  Thus  the  mass  lobe  of  graphite 
reaches  0,5+5, 0;  disulphide  of  molybdenum  - 
0, 5+5,0;  and  boron  nitride  -  0, 4+2,0%. 

The  expediency  of  the  simultaneous  introducing  of 
several  firm  lubrications  is  explained  that  they 
variously  behave  in  the  different  operation  condi¬ 
tions  and  by  that  supplement  one  another. 

The  poor  reliability  of  bearing  assemblies  has  re¬ 
sulted  in  necessity  of  mining  of  a  new  antifriction 
stuff  from  several  variations  of  powdered  materi¬ 
als  on  the  basis  of  cuprum:  BTp4  Tyi6-509.015, 
EpOriO-1,  MKEp2  and  EpOTlO-2  Tyi6-538.393- 
83,  and  also  EpOTlO-2  with  the  component  2% 
M0S2  and  4%  M0S2,  the  characteristics  which 
one  met  to  values:  a  porosity  -  7-^10%;  density  - 
(7, 7+7,8)  T03  kgs  /  m3;  hardness  -  50+80  %  HB. 

The  set  forth  above  stuffs  were  subjected  to  lab 
tests.  The  tests  were  conducted  on  supports  of  a 
new  design  at  rotation  rate  n=50  s“l  (3000 
promptness  in  minute)  and  load  P=  1800+2100  N, 
that  has  compounded  unit  load  on  a  support 
1,2+1, 5  MPa  and  corresponds  to  actual  conditions 
of  loading  of  a  support. 

Determining  parameters  were  a  friction  coefficient 
(p)  and  temperature  apart  0,2+0, 5  mms  from  a 
zone  of  friction  (t).  The  results  of  tests  compared 
to  serially  used  supports  made  by  a  method  of  a 
casting  of  bronze  Bp04I_(4C17  with  babbit  cover 
by  depth  1+1,5  mms  with  a  «playing  leg»  and 
without  it. 

The  outcomes  of  the  conducted  lab  tests  of  sup¬ 
ports  from  powdered  materials  ETp4,  MKEp2, 
EpOTlO-1  and  EpOTlO-2  in  matching  with  seri¬ 
ally  used  have  shown  following: 

by  the  highest  friction  coefficient  the  stuff 
ETp4  (p=0,04+0,06;  t=60+8()0C)  differs; 

the  intensity  of  wearing  of  a  stuff  ETp4  is 
much  higher,  than  other  investigated  stuffs; 

with  increase  of  load  the  friction  coefficient 
for  all  studied  stuffs  decreases; 

for  serially  used  supports  a  friction  coefficient 
p=0,0 1+0,03;  and  temperature  in  a  zone  of  friction 
t=30+500c. 


The  analysis  of  outcomes  demonstrates,  that  by  the 
best  characteristics  differ  EpOTlO-2,  and  also 
MKEp2  and  EpOTlO-1.  However,  having  a  good 
wear  resistance  as  contrasted  to  babbit,  these  stuffs 
have  a  friction  coefficient  approximately  in  2 
times  above,  than  serially  used  supports.  As  is  es¬ 
tablished  [2,  3]  earlier,  one  of  ways  of  a  decrease 
of  a  friction  coefficient  is  the  introducing  in  a  stuff 
of  the  components  of  a  disulphide  of  molybdenum 
within  the  limits  of  2+4%  with  a  different  varia¬ 
tion  of  the  components  of  graphite. 

One  more  series  of  lab  tests  was  conducted,  which 
one  has  shown,  that  the  component  has  not  given 
1+2%  M0S2  in  EpOriO-2  of  an  appreciable  de¬ 
crease  of  a  friction  coefficient,  though  its  de¬ 
creasing  was  watched. 

Then  by  a  trial  and  error  method  and  variations  of 
members,  having  taken  for  the  basis  the  stuff 
chemistry  Cu=82%,  Sn=5%,  Zn=5%,  01%, 
MoS2~2%  was  obtained  a  stuff  having  friction 
coefficient  p.^0,01+0,02  (equal  friction  coefficient 
of  a  pair  steel  -  babbit)  following  chemistry,  in 
large-scale  mining  in  %:  tin  -  1, 5+9,0;  a  boron  - 
0,05+0,1;  graphite  -  1, 0+3,0;  zinc  -  1, 0+4,0;  a  di¬ 
sulphide  of  molybdenum  -  1, 0+3,0;  oxide  of  a  bo¬ 
ron  -  0, 7+1,0.  The  stuff  has  received  notation 
#04L(4rp2Mc3E  [4]. 

As  the  practice  used  in  supports  of  thrust  bearings 
a  powdered  material  ff04H4Fp2Mc3E  has  shown 
differs  by  a  high  wear  resistance,  with  a  low  fric¬ 
tion  coefficient  (0,01+0,03)  and  provides  tem¬ 
perature  in  a  zone  of  friction  40+60^(2 .  The  de¬ 
crease  of  a  friction  coefficient  is  conditioned  by 
the  introducing  of  firm  lubrications  -  graphite  and 
disulphide  of  molybdenum,  and  also  application  of 
a  method  of  cladding  of  a  disulphide  of  molybde¬ 
num  at  a  sintering. 
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SOME  PECULIARITIES  OF  TITANIUM  ALUMINIDE  PRODUCING  BY 
THE  METHOD  OF  ELECTROSLAG  REMELTING 

Ryabtsev  A.D.,  Troyansky  A. A.,  Pashynsky  V.V.,  Mastepan  V.Yu. 

Donetsk  National  Technical  University,  Donetsk,  Ukraine 


One  of  most  perspective  directions  in  the  field  of 
development  of  titanium  alloys,  with  high  strength 
and  simultaneously  with  high  thermal  stability 
widespread  in  the  world  in  last  years  is  the 
development  of  alloys  on  the  base  of  intermetallides 

Ti3Al  and  TiAl  .They  may  be  used  in  aircraft 
engines,  explosion  engines  and  as  material  for 
structural  applications  for  static  loading  in  high- 
temperature  environment.  Intermetallides  of  TiAl 
system  are  more  light  than  nickel  and  titanium 
superalloys,  they  don,t  demand  the  protection  from 
high-temperature  oxidation,  more  cheaper  and  have 
rather  high  strength  (ultimate  tensile  strength  at 
1473  K  is  more  than  100  N/mm2)  They  may  be  the 
competitors  to  nickel  superalloys  not  only  for 
aerospace  applications,  but  in  other  branches  of 
industry.  Main  disadvantages  of  titanium  aluminides 
are  the  low  plasticity,  that  is  not  correspond  to 
necessary  level  of  fracture  toughness,  and 
difficulties  of  processing  of  parts  with  complicated 
shape. 

Wide  application  of  alloys  on  TiAl-base  is 
restrained  by  the  absence  of  effective  and  non- 
expensive  technologies  of  their  manufacturing. 
Producing  of  TiAl-based  alloys  deals  with 
difficulties,  connected  with  differences  in  melting 
and  evaporation  temperatures  and  densities  of 
components.  Technologies  of  their  manufacturing  is 
very  complicated  and  multi-stage.  Methods  of 
powder  metallurgy  in  combination  with  mechanical 
alloying  demands  very  prolonged  grinding  of 
components  and  prolonged  treatment  at  high 
pressure  and  temperature. 

In  current  time  there  are  small  quantity  of 
publications  about  application  of  technologies  of 
especial  electrometallurgy,  electroslag  remelting  in 
particular,  to  produce  the  alloys  of  Ti-Al  system. 
Development  of  rather  simple  and  non-expensive 
methods  of  Ti-Al  system  intermetallides  is  very 
actual,  but  not  solved  problem  now. 

Analysis  of  technological  possibilities  of  ESR 
process  permits  to  make  an  assumption  concerning 
possibility  of  its  application  for  Ti-Al  alloys 
manufacturing.  In  current  work  the  results  of  using 
of  chamber  electroslag  remelting  process  for  this 
purpose  are  described. 


Electroslag  remelting  was  carried  out  in  chamber 
ESR  furnace  A-550,  in  copper  water-cooled 
crucible  115  mm  in  diameter  and  450  mm  in 
length.  Water-cooled  chamber  was  mounted 
directly  on  the  top  of  the  crucible.  System  was 
designed  with  corresponding  sealing  to  provide 
vacuum  or  excessive  pressure  of  gases  in 
working  space.  Before  melting  the  chamber  was 
vacuumed,  and  after  that  filled  by  argon.  During 
melting  the  excessive  pressure  of  argon  15  kPa 
approximately  was  maintained  to  compensate  the 
leakage  through  different  seals. 

To  cary  out  the  experiments,  the  combined 
titanium-alumimium  consumable  electrodes  were 
used.  In  first  series  of  meltings  titanium  part  of 
electrode  was  made  from  pressed  rectangle 
blocks  30x40x200  mm  of  titanium  sponge  (TG- 
120  grade).  Average  density  of  presed  material 
was  2810  kg/m3.  Aluminium  part  of  electrode 
was  made  from  electrotechnical  aluminium 
plates. 

In  second  series  of  experiments  titanium  part  of 
electrode  was  made  from  block  of  titanium  rods 
16  mm  in  diameter  of  VT1-0  grade..  Aluminium 
part  of  electrode  was  made  from  electrotechnical 
aluminium  rods  with  triangle  cross-section.  This 
rods  were  mounted  uniformly  around  titanium 
part  of  electrode. 

The  powder  of  CaF2  with  high  purity  and  cheaps 
of  metallic  Ca  were  used  as  the  base  of  flux.  CaF2 
was  annealed  at  temperature  973  K  during  3 
hours.  Flux  was  melted  directly  in  crucible  with 
using  of  “solid”  start.  The  calcium  evaporates 
from  the  mixture  CaF2-  Ca  during  its  melting 
and  vapours  of  calcium  decrease  the  partial 
pressure  of  oxygen  and  nitrogen  above  the  slag 
pool  to  the  magnitude  10' 13  kPa. 

Manufactured  ingots  had  smooth  lateral  surface 
and  porosity  in  top  part  of  ingot.  Inner  sufrace  of 
pores  is  clear  and  has  not  the  differences  in  color 
with  another  metal.  Therefore  there  is  not  the 
oxidation  inside  the  pores.  Obviously  porosity 
has  shrinkage  nature.  Metallographic 
investigations  show  that  metal  of  ingot  is  rather 
uniform.  Inclusions  of  aluminium  and  titanium 
are  absent.  Traces  of  cutting  tool  on  the  surface 
of  machined  ingot  show  that  metal  has  residual 
plasticity  at  room  temperature,  but  chips,  formed 
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during  cutting  have  the  appearance  of  uniform 
powder  with  bright  faces.  Phase  composition  of 
material  was  investigated  by  the  method  of  X-ray 
structural  analysis.  Analysis  of  obtained  result 
shows  that  main  phase  is  the  titanium  aliminide 
TiAl.  But  some  of  reflections  on  diffractogram 
could  not  be  identified  as  belonging  to  TiAl.  Most 
probable  second  phase  is  TiAl3.  This  conclusion  is 
confirmed  by  the  results  of  metallographic  analysis 
that  determines  the  presence  in  structure  of  alloy 
matrix  the  small  volume  (2-5%  of  sample  section 
surface)  of  second  phase  precipitation.  They  are 
located  on  boundaries  of  dendrites  of  matrix  phase. 
Measurement  of  density  and  resistance  to  high- 
temperature  oxidation  shows  that  obtained  material 
has  the  magnitude  of  these  characteristics, 
corresponding  with  published  earlier  for  y-titanium 
aluminide. 

Obtained  ingots  were  cut  along  the  central 
longitudinal  axis.  One  half  of  every  ingot  was  used 
to  determine  chemical  composition  (see  table), 
another  -  to  study  the  macro-  and  microstructure  in 
cast  condition. 

Table 


Chemical  composition  of  experimental  ingots 


Ingot 

Location 
of  testing 
at  height 
of  ingot 

A1 

content, 

% 

Ti 

content, 

% 

Top 

51,9 

45,5 

Ingot  #1 

Middle 

52,2 

46,13 

Bottom 

43,6 

54,5 

Top 

54,5 

40,0 

Ingot  #2 

Middle 

46,8 

47,9 

Bottom 

37,6 

59,75 

Obtained  ingots  have  high  porosity  and  brittleness 
and  they  can  not  be  used  directly  for  producing  of 
different  parts.  This  material  may  be  considered  as 
semi-product.  Therefore  on  next  step  of 
investigation  the  attempt  to  investigate  the  effect  of 
treatment  by  high  pressure  at  increased  temperature 
on  structure  and  properties  of  TiAl  was  made. 
Peculiarities  of  behavior  of  materials  of  this  type  at 
temperature-deformation  influence  are  investigated 
insufficiently  now,  but  results  of  preliminary 
investigations  give  the  evidence  of  possibility  to 
increase  the  complex  of  mechanical  properties  in 
result  of  such  treatment. 

In  order  to  do  this,  the  material  of  ingots  was 
subjected  to  grinding  in  ball  mill  to  the  powder  with 
particle  size  3-7  microns.  Plates  3x10x40  mm  in 
size  were  made  from  the  powder  by  pressing.  After 
that  they  were  subjected  to  sintering  at  temperatures 
1533  (regime  1)  and  1693  K  (regime  2)  and  at  two- 


step  regime  (2  subsequent  treatment  at  1533  and 
1693  K  with  intermediate  cooling)  (regime  3).  In 
all  cases  specimens  were  cooled  after  sintering 
with  furnace  (cooling  rate  80-100  K/hour). 
Samples  after  sintering  at  1693  K  had  the  traces 
of  partial  melting,  despite  theoretical  temperature 
of  solidus  line  is  equal  to  1723  K.  It  may  be 
explained  by  the  influence  of  pressure  (500 
kgf/cm2),  that  may  cause  the  decreasing  of  phase 
transformation  temperature. 

Specimens,  sintered  at  different  regimes  were 
subjected  to  phase  X-ray  analysis,  microhardness 
measurement  and  microstructure  examination. 
All  specimens  have  two-phase  structure  with 
residual  porosity.  They  consist  of  mixture  of 

y  and  <X2  phases.  The  most  coarse  precipitation 

of  Oi2-  phase  (30-35  microns)  was  formed  in 
specimens,  sintered  in  accordance  with  regime  1. 
It  is  3  times  higher  then  after  regime  2  and  2 
times  higher  then  in  specimens  sintered  at  regime 
3  (size  of  TiAl}  precipitations  15-20  microns). 
These  samples  have  large  number  of  fine  pores 
and  microhardness  of  them  is  decreased.  The 
minimal  porosity  was  found  in  specimens  after 
regime  2.  They  have  most  fine  precipitations  of 
second  phase  (5-10  microns).  The  refining  of 
precipitations  may  be  caused  by  process  of  phase 
transformation  during  the  partial  melting  of 
material  at  high  temperature,  crystallisation  of 
molten  metal  and  decomposition  of  solid  solution 
during  cooling.  These  complex  processes  cause 
the  changes  in  structure  of  sintered  material. 

To  confirm  the  assumption  concerning  the  phase 
composition  of  sintered  specimens,  the  X-ray 
analysis  was  carried  out.  In  sintered  material  after 
all  regimes  the  considerable  quantities  of  oxides 
and  another  impurities  were  not  found.  Only  two 

main  phases:  y  —  TiAl  and  <X2  were 
determined. 

CONCLUSION:  Fulfilled  work  confirms  the 
principal  possibility  of  manufacturing  of  ingots  of 
intermetallic  compounds  on  TiAl  base  by  the 
method  of  electroslag  remelting  in  chamber  furnace 
under  active  flux.  Obtained  ingots  have  typical  for 
cast  material  structure  and  increased  porosity  (up  to 
15%).  Cast  metal  has  high  chemical  and  structure 
homogeneity.  It  is  confirmed  by  the  results  of 
chemical,  X-ray,  metallographic  analysis  and 
microhardness  test  tesults. 

The  effectiveness  of  using  of  high-temperature 
sintering  under  external  pressure  for  treatment  of 
such  materials  as  titanium  aluminides  with  low 
plasticity  was  confirmed. 
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DEVELOPMENT  OF  ADVANCED  TECNOLOGIES  FOR  PRODUCTION  OF 
HARD  ALLOY  ROLLS  FOR  MODERN  ROLLING  MILLS 

Pashynsky  V.V.,  Sydorenko  D.G.(1),  Kulik  A.I.(1),  Kashyryn  V.P.(1) 

Donetsk  National  Technical  University,  Donetsk,  Ukraine 
(1  Scientific  Production  Company  “Donix”,  Donetsk,  Ukraine 


SPC  “Donix”  first  in  Ukraine  begins  the  production 
of  hard-alloy  rolls  of  disc  type  up  to  215  mm  in 
diameter  and  35  kg  weight  [1].  Technical- 
economical  characteristics  of  rolls  producing  and 
their  performance  depends  on  technological  scheme 
of  their  manufacturing.  Traditional  sintering  (TS)  is 
the  most  simple  and  non  expensive  method,  but 
when  large-size  parts  are  produced,  some 
technological  problems  appear.  It  is  very  difficult  to 
obtain  the  low  porosity  and  high  precision  of 
semiproduct  size.  Most  effective  technology  from 
the  point  of  view  of  maximal  service  properties  is 
the  hot  isostatic  pressuring  (HIP).  But  its  realization 
demands  special  complicated  and  expensive 
equipment.  It  increases  the  production  cost. 
Therefore  development  of  new  technologies  is 
problem  of  great  practical  interest.  One  of 
potentially  effective  technologies  is  the  method  of 
hot  vacuum  pressuring  (HVP). 

In  this  case  the  hydraulic  press  is  used  to 
produce  the  necessary  loading  and  formation  of 
semiproduct  passes  in  mold  with  high  precision. 
Besides  lower  cost  of  equipment  this  process  is 
more  flexible  because  complex  regimes  with 
programmed  variations  of  temperature  and  pressure 
may  be  fulfilled. 

Therefore  two  different  ways  of  technology 
development  were  chosen  by  specialists  of  SPC 
“Donix”on  pilot  scale  study  of  investigations: 

1.  Development  of  improved  technology  of 

sintering  on  the  base  of  using  of  powder 

mixtures  with  controlled  granulometric 

composition  and  chemical  composition. 

2.  Development  of  new  modifications  of  HVP 

process. 

Used  for  traditional  sintering  new  hard  alloy 
materials  with  regulated  granulometric  composition 
and  additions  of  small  volumes  of  special  carbides 
permit  to  produce  rolls  170  mm  in  diameter  with 
weight  up  to  15  kg  with  high  mechanical  properties 
and  low  porosity.  Developed  material  “TC-15”  on 
the  base  of  tungsten  carbide  with  cobalt-nickel 
binder  content  15%  permits  to  start  the  commercial 
manufacturing  of  disc  rolls  for  finishing  stands  of 
modem  rolling  mills. 

On  the  base  of  obtained  experience  the  second 
stage  of  works  was  started.  Main  aim  was  the 


development  of  new  technology  of  HVP.  To 
realize  this  process,  the  special  unit  for  hot 
pressuring  was  designed  and  built.  It  has  the 
following  features: 

•  Process  may  be  carried  out  in  vacuum  or 
protective  atmosphere. 

•  Special  design  of  resistive  heater  from 
electroconductive  carbon  composite  material 
is  used.  Shape  of  heater  provides  the  uniform 
temperature  field  in  working  space  of  unit. 

•  Press  auxiliaries  are  made  from  high-strength 
carbon  filament  composite.  It  provides 
producing  of  the  semi-product  with  minimal 
machining  tolerance,  long  working  life  of 
auxiliaries  and  small  specific  contribution  of 
their  cost  to  overall  productive  cost. 

•  Control  system  permits  to  regulate  with  high 
precision  the  magnitude  of  pressure  and 
velocity  of  its  changing. 

Technical  equipment  of  the  shop  includes 
the  section  of  powder  hard  alloy  mixtures 
preparation.  Producing  of  large  size  rolls  215  mm 
in  diameter  and  35  kg  in  weight  demands  the 
solving  of  series  of  difficult  problem.  Further 
improvement  of  developed  materials  for 
traditional  sintering  permits  to  overcome  the 
many  of  shortcomings  of  this  method  and  now 
rolls  with  diameter  215  mm  and  85  mm  in  width 
are  produced  in  commercial  scale.  But  main 
problem  of  this  technology  is  wide  range  of 
machining  tolerances  and  increased  part  of  semi¬ 
products  with  defects  of  macrostructure.  Using  of 
HVP  permits  to  avoid  these  problems,  but 
another  problems  may  arise.  In  materials  with 
high  content  of  binder  the  non-uniform 
distribution  of  it  may  form  during  pressuring. 
This  structure  has  decreased  resistance  to  crack 
growth  and  fatigue  life.  To  solve  this  problem, 
special  investigation  problem  was  fulfilled.  It  is 
established  that  to  obtain  the  uniform  structure, 
the  velocities  of  temperature  and  pressure 
increasing  must  be  strictly  controlled  in 
accordance  with  special  program.  New  regimes 
were  developed  and  this  variant  of  HVP  obtained 
own  name  “sintering,  activated  by  external 
pressure”  (PS).  In  result  of  implementation  of 
new  technology,  manufacturing  of  large-size 
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parts  with  high  quality  by  the  PS  method  was 
started  too. 

Now  there  are  two  variants  of  technologies  of 
large  rolls  production: 

•  Sintering  of  materials  with  regulated 
granulometric  composition  (TS-RG) 

•  Sintering,  activated  by  external  pressure  (PS) 

Therefore  two  types  of  rolls  are  now  in 
commercial  exploitation.  Certain  quantity  of  rolls 
before  developing  of  PS-process  was  produced  by 
ordinary  HVP  method  .  In  order  to  analyze  of 
advantages  and  shortcomings  of  both  technologies, 
the  laboratory  investigations  and  monitoring  of 
industrial  experience  of  different  rolls  using  was 
carried  out.  The  criteria  of  roll  durability,  such  as 
the  volume  of  rolled  metal  per  1mm  of  diameter 
decreasing  in  result  of  roll  grinding  and  overall 
volume  of  rolled  metal  for  the  period  of  working  life 
of  roll,  are  integral  and  demand  very  prolonged  time 
to  determine.  To  obtain  the  responsive  information, 
the  investigation  of  groove  profile  after  every 
working  cycle  of  roll  was  fulfilled.  Preliminary 
analysis  shows  that  there  are  most  critical  stands  on 
every  rolling  mill  with  maximal  wearing  of  rolls. 
Therefore  rolls  from  this  stands  were  used  for 
monitoring  of  wearing.  For  example,  most  severe 
conditions  for  170  mm  rolls  take  place  during 
rolling  of  wire  rod  5,5  mm  in  diameter  and  maximal 
wearing  is  on  finish  stand  (stand  #28  for  rolling  mill 
PC-1  of  Krivoy  Rog  integrated  metallurgical  plant). 
Investigations  were  fulfilled  on  rolls,  produced  by 
TS-RG,  HVP  and  PS  method.  Results  of 
exploitation  of  rolls  of  firm  “SANDVIK”  were  used 
as  comparative. 

Initial  measurement  was  fulfilled  by 
photographing  of  groove  profile  with  x  10-20 
magnification  with  using  of  digital  camera  EPSON- 
600  (resolution  860x1200).  The  error  of  linear 
dimension  measurement  was  less  than  0.01  mm. 
Visual  evaluation  of  wear  was  fulfilled  by  the 
comparing  of  initial  profile  and  profile  after 
working  cycle.  To  obtain  quantitative  information, 
the  following  characteristic  were  measured: 

•  Increasing  of  groove  cross-section  area  after 
working  cycle  S  (mm2) 

•  Maximal  linear  deviation  of  profile  after 
working  cycle  from  initial  h  (mm) 

Measurement  was  fulfilled  with  using  of  special 
software  package  of  image  analysis  “IMAGE 
TOOL  2.0”.  After  the  specific  characteristics  per 
1000  ton  of  rolled  metal  were  calculated. 

The  linear  wearing  of  working  surface  is  10- 
15%  higher  than  characteristics  of  best  world 
products.  But  despite  of  difference,  value  of  wearing 


much  lower  than  recommended  magnitude  of 
removed  layer  in  result  of  rolls  grinding. 

Analysis  of  obtained  results  permits  to 
conclude: 

1.  Material,  obtained  by  TS-RG  process  has 
more  equilibrium  structure  with  high 
degree  of  carbide  phase  recrystallization 
and  uniform  distribution  of  binder.  It 
provides  the  high  resistance  to  thermal 
fatigue  wearing  and  resistance  to  brittle 
fracture.  But  for  this  method  the  deviations 
of  density  and  porosity  are  higher  than  for 
HVP  and  PS  methods. 

2.  Material,  obtained  by  HVP  has  high 
stability  such  parameters  as  density  and 
hardness  and  very  low  porosity.  But  for 
increased  content  of  binder,  the  non- 
uniform  distribution  of  them  may  occur. 

3.  Implementation  of  PS-process  permits  to 
obtain  the  increased  quality  in  comparison 
with  HVP-process  with  very  narrow 
tolerances  for  main  parameters  and 
uniform  microstructure 

Tolerances  for  PS  process  are  shown  in  table 

Table.  Parameters  of  material  TC-15  for  rolls, 
processed  by  PS-method 


Parameter 

Nominal 

value 

Tolerance 

Bending 

strength, 

kgf/mm2 

285 

+-10 

Hardness,  HRA 

87 

+-1 

Density,  g/cnv* 

14,00 

+-0,05 

Velocity  of 
ultrasound  waves 
m/s 

6430 

+-15 

Therefore,  developed  technological  processes 
TS-RG  and  PS  permits  to  produce  the  high- 
quality  rolls  up  to  215  mm  in  diameter  with 
productive  cost  lower  than  for  HIP-  process.  In 
order  to  determine  the  advantages,  and 
shortcomings  of  new  variants  of  processes, 
further  collection  of  information  about  results  of 
commercial  working  of  items  is  necessary. 
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Abstract.  A  plastic  strain  at  stage  of 
fragmentation  and  phase  (y<^a) 
transformation  under  high  pressure  is 
accompanied  by  structural  -  kinetic 
modifications  in  austenite  of  high-nitrogen 
steels,  that  promotes  shaping  of  elements  and 
complexes  with  nanocrystallstructure. 

Initiation  of  phase  trasformation  in 
metastable  alloys  by  way  of  straining  under 
high-pressure  promotes  shaping  of  materials 
with  nanostructures  [1,2].  The  metastable  state 
has  been  formed  by  a  straining  between 
diamond  pyramids  with  superposition  of  a 
shift  component  [3,4].  The  chamber 
(Bridgeman's  method),  was  used  enabliing:  a) 
to  distort  a  material  immediately  in  clusters  of 
the  testing  machine;  b)  to  conduct  structural  - 
kinetic  researches  immediately  in  the  chamber 
of  a  microscope  and  of  a  diffractometer.  The 
pressure  was  evaluated  using  loads  on 
pyramids  and  was  calibrated  using 
displacement  of  R[  and  R2  lines  of 
luminescence  of  a  ruby. 

The  results  of  experiment  have  shown,  that: 
Dependence  of  force  F  on  depth  h  of  an 
indentor  intrusion  has  stage  character  (fig.l): 

a)  P<lGPa-stage  of  elastic  behaviour; 

b) P<10GPa-stage  of  a  plastic  strain  with 
fragmentation  of  elements  of  structure; 

c) P>10GPa-stage  of  structural  -  phase 
strengthening  and  secondary  elastic  behaviour. 

After  straining  up  to  P<10GPa  the  alloy 
remained  single-phase  (y-phase)  in  both  ranges 
of  pressure  variation  and  density  of  nitrogen 
(0. 06^-0. 57%N).  The  a-phase  was  not 
registered  by  means  of  X-ray  diffraction, 
however  up  to  10%  of  a  magnetic  phase 
(recalculated  on  a-Fe)  had  been  found. 


Fig.l  Dependence  of  force  F  on  depth  h  of  an 
indentor  intrusion. 

The  lattice  constant  monotonically 
diminished  with  pressure  for  all  range  of 
density  of  nitrogen.  The  widening  and 
intensity  of  lines  (111)  and  (220)  is 
nonmonotone  varied,  that  correlated  with 
begining  of  fragmentation  of  elements  of 
structure  ( fig. 2). 
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Fig.2Baric  dependence  of  the  intensity  I 
(curvel)  and  half-  width  B  (curve2)  of  the  X- 
ray  line  (220)  of  the  y-phase  of  HNS. 

At  pressure  P>20GPa  diffuse  scattering  has 
considerably  increased.  Near  to  a  line  (111)  of 
the  y-phase  new  lines  were  detected,  which 
were  identified  by  a  pair  of  (1 10)a  and  (1 10)p 
lines  of  a-phase  (fig.3). 


Fig. 3  XRD  investigation  at  pressure  P>20GPa: 

1)  C=0.08  %  N; 

2)  Cn=0.30  %  N;  3)  Cn=0.57  %  N. 

The  quantitative  treatment  of 
diffractogramms  and  electronogramms  has 


shown  presence  of  elements  and  complexes 
with  nanocrystallstructure. 

Formation  of  a-phase  and  elements  with 
nanostructure  was  facilitated  at  padding 
superposition  of  a  shift  component 

Summary. 

It  is  shown,  that  the  course  of  a  plastic 
strain  at  stage  of  fragmentation  and  phase 
(y<-»a)  transformation  under  high  pressure  is 
accompanied  by  structural  -  kinetic 
modifications.  It  promotes  shaping  of 
elements  and  complexes  with 
nanocrystallstructure  in  austenite  of  high- 
nitrogen  steels. 
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1.  INTRODUCTION 

Nickel-base  superalloys  are  widely  used  in 
applications  requiring  strength  at  high 
temperature1'12.  The  main  obstacle  to  nickel 
aluminides  as  potential  materials  for  use  at 
elevated  temperatures  is  their  low  room 
temperature  ductility  in  polycrystalline  form.  At 
high  temperatures,  the  grain  boundaries  that  are 
normal  to  the  principal  stress  axis  constitute 
sources  of  weakness  and  preferential  nucleation 
sites  for  cracks,  which  may  eventually  lead  to  the 
failure.  It  was  established  that  grain  boundaries  of 
Ni3Al  are  intrinsically  brittle  5’  .  The  brittleness  of 
polycrystalline  Ni3Al  is  argued  to  be  due  to  poor  of 
grain  boundary  cohesion  strength7,8  and  the 
inadequate  number  of  independent  slip  systems  9. 

This  metallurgical  problem  was  solved  by  Aoki 
et  al.2,  Liu  et  al5,  who  discovered  that  small 
microalloying  additions  of  boron  to  Ni-rich 
compositions  greatly  improve  the  ductility  and 
change  the  fracture  mode  from  intergranular  to 
transgranular. 

Recent  studies  T.  Hirano  at  al.,  however,  found 
that  B-ff ee  Ni3 Al  may  be  significant  ductilized  by 
the  unidirectional  solidification  using  a  floating 
zone  method  (FZ-UDS)  without  any  alloying 
elements10’11.  Stoichiometric  Ni3Al,  in  single 
crystal  form,  is  quite  ductile  and  can  be  strained  to 
tensile  test  as  high  as  60%  of  elongation,  even 
though  they  have  polvcrystalline  form  with 
columnar  structure  12‘ 4.  In  addition,  the 
directionally  solidified  materials  have  more 
ductility  than  that  of  the  boron-doped  alloy. 

As  is  well  known  that  impossible  to  fabricate 
Ni3Al  foil  by  cold  rolling  cast  polycrystalline 
alloys  due  to  severe  intergranular  brittleness3. 
However,  ductility  is  not  enough  to  cold  roll  to 
thickness  below  800pm  even  this  material  has  an 
addition  of  boron.  Taking  advantage  of  high 
ductility  of  unidirectional  solidified  materials  one 
of  the  authors  found  that  the  fabrication  of  ductile 
thin  foil  of  stoichiometris  Ni3Al  by  cold  rolling 
without  intermediate  annealing  would  be  possible. 
This  technique  successfully  fabricated  large-area 
foils  and  these  cold-rolled  foil,  after  heat  treatment, 
showing  5%  tensile  elongation  at  room 
temperature15. 

Using  the  same  technique  we  investigated 
possibility  of  growing  two  phase  (y-yf)  Ni-rich 
superalloy  without  additions  with  compositions  of 
22-16  at%Al  by  FZ-UDS.  The  first  purpose  of 
this  study  was  to  show  the  differences  in 
solidification  behavior  of  the  non-stochiomentric 
Ni-rich  composition  in  comparison  with 


stoichiometric  Ni3Al.  The  second  purpose  was  to 
fabricate  cold-rolled  foils.  In  addition,  we  present 
here  scanning  electron  microstructures  of  the 
samples  before  and  after  cold  rolling.  We  expected 
that  prepared  thin  foils  could  be  promising 
materials  for  high-temperature  aerospace  and 
automobile  applications  as  light-weight  high- 
temperature  structural  materials,  for  example, 
honeycomb  structure. 

2.  EXPERIMENTAL  PROCEDURE 

The  raw  materials  of  Ni-rich  superalloy  are 
prepared  by  the  same  way  as  in  the  previous  report 
.  All  rods  Ni-rich  crystals  are  produced  by  the 
floating  zone  technique  (FZ-UDS).  The  Al-content 
of  the  as-grown  crystal  was  determined  by  using 
wet  chemical  method  in  the  central  part  of  the 
crystal.  The  results  agreed  fairly  well  with  nominal 
compositions  within  0.4  at%,  as  listed  in  Table  I. 

The  as-grown  crystals  were  9-13  mm  in 
diameter  and  120  mm  in  length.  The  resultant  rods 
were  cut  along  the  growth  direction  and 
longitudinal  sections  were  subjected  to 
metallographic  observations.  X-ray  Laue 
diffraction  have  been  used  to  check  the  crystal 
structure  and  for  controlling  the  growing 
orientation.  Disk  samples  for  the  X-ray  Laue 
diffraction  were  cut  perpendicularly  to  the  growth 
direction. 

Cold  rolling  specimens  (1.7  x  8-10  mm  in  cross 
section  and  80-100  mm  in  length)  were  cut  from 
the  ingots  with  the  longest  dimension  parallel  to 
the  growth  direction  by  an  electrical  discharge 
machine.  The  cold  rolling  was  carried  out  along 
the  longest  dimension  at  room  temperature  by 
using  four-high  mills  with  a  back-up  roll  diameter 
of  360  mm  and  a  working  roll  diameter  of  120mm 
and  the  rolling  speed  of  3.5m/min.  The  amount  of 
reduction  in  thickness  per  pass  was  about  0.1mm. 
The  cold-rolling  operations  were  performed 
without  intermediate  annealing. 

The  microstructure  before  and  after  the  cold 
rolling  were  examined  by  optical  and  scanning 
electron  microscopy.  Since  the  differences  in 
composition  between  the  matrix  and  y' -phase  was 
relatively  small,  the  contrast  in  absorbed  or 
backscattered  electron  images  was  only  slight,  and 
it  was  often  necessary  to  lightly  etch  specimens 
before  examination.  The  surfaces  of  the  specimens 
were  mechanically  polished  with  emery  papers  and 
finished  with  0.05  pm  alumina  powder  suspension, 
then  etched  in  the  Marble  reagent  (5g  CuS04,  20 
ml  HC1  and  20  ml  H20). 
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3.  RESULTS  AND  DISCUSSION 

3. 1  Growth  and  microstructure  of  as-grown 
crystals 


Weight  Percent  Nickel 


Fig.  1.  The  nickel-rich  region  of  the  Ni/Al  system18 


Nickel-rich  region  of  the  Ni/Al  phase  diagram 
(Fig.  1)  shows  that  the  y-phase,  Ni,  exists  over  a 
wide  range  of  composition,  with  a  maximum 
melting  point  of  1455  °C.  The  y'-phase,  Ni3Al, 
also  exists  over  a  range  of  composition  less  24.4 
at%Al  is  produced  via  a  eutectic  reaction  at  1385 
°C  . 

In  our  case  this  leads  to  formation  of  two 
surfaces  of  melting  and  solidification  interfaces 
(Fig.  2)  during  of  crystal  growth  by  FZ-UDS.  The 
A!  concentration  influence  on  the  distance  (h) 
between  surfaces,  the  spacing  of  which  increases 
with  the  decreasing  of  A1  content.  It  indicates  that 
both  the  phases  (y  and  y')  grew  non-simultaneously 
from  the  liquid.  But  the  structure  of  stoichiometric 
Ni3Al  is  formed  at  the  planar  solidification 
interface;  both  the  phase  (V  and  p)  grew 
simultaneously  from  the  liquid11.  Such  statement  is 
in  a  good  agreement  with  the  Ni/Al  phase  diagram 
(Fig.  1),  because  when  Ni-rich  alloys  are  cooled 
from  the  melt,  primary  y  dendrites  separate  out 
(liquid  — liquid  +  y).  At  the  eutectic  temperature, 
the  remaining  liquid  freezes  as  a  two-phase 
mixture  of  y  -  f.  Cooperative  growth  of  these  two 
phases  is  possible  with  the  same  crystallographic 
orientation  because  the  edge  length  of  the  cubic 
unit  of  both  phase  differ  only  by  1%19. 


Melting  two 
interface 

Feed  rod 

b 

1 

a- liquid  +7  phase 

b-  7+  y 

a  1 
Melting  / 

!  zone  1 

Solidification 
two  interface’ 

d 

_  a\ 

b 

Width  Seed 

2.  Schematic  of  the  molten  zone 


However,  the  little  changes  in  the  molten  zone, 
the  slight  differences  in  the  composition  of  raw 
materials  or  solidification  conditions  could  modify 


the  nucleation  process  moved  the  system  into  a 
very  unstable  character  of  crystal's  growth.  This 
leads  to  difficulties  of  preparation  the  large  single 
crystal,  of  two-phase  Ni-rich  composition  from 
liquid.  In  previous  study11,  it  was  found  to  be  very 
difficult  to  grown  stoichiometric  Ni3Al  (y)  single 
crystals  because  of  y'-phase  growing 
simultaneously  from  liquid  with  p-NiAl,  but  p- 
phase  is  not  stable  below  the  solidification 
temperature. 

Instead,  we  successfully  grew  a  single  crystal 
70mm  length  with  high  rest  Ni-content  the  Ni- 
16A1  alloy  of  [001]  orientation  and  three  big 
elongated  grains  of  Ni- 1 8AI  composition,  Table  I. 
The  same  seed  crystal  was  used  for  all  alloys,  but 
crystals  happened  to  grow  in  different  orientations. 
As  stated  above,  it  can  be  due  to  instability  at  the 
initial  stage  of  the  floating-zone  process.  In  the 
case  of  Ni-20A1  we  grew  only  polycrystalline 
form.  However,  more  grains  of  the  above 
composition  were  elongated  along  the  growth 
direction  and  the  grain  boundaries  were  found 
mainly  low-angle  (less  than  12°)  that  allowed  the 
future  cold  rolling.  Only  one  composition  Ni-22AI 
was  formed  at  the  uniform  solidification  interface 
nearly  same  as  stoichiometric  Ni3Aln,  because  y- 
phase  concentration  was  lowest.  The  columnar¬ 
grained  structure  of  two-phase  alloy  was  formed 
along  the  growth  direction. 


Table  I.  Chemical  composition  and  as-grown 
structure  of  FZ-UDS  two-phase  Ni-rich  crystals. 


Nominal 

composition 

A1  content, 
at% 

As-growm  structure 

Ni-16AI 

15.9 

single  crystal 

Ni-1 8AI 

18.1 

large  elongeted  grains 

Ni-20A1 

19.7 

polycrystal  with  low- 

boundary  grains 

Ni-22A1 

21.6 

columnar  structure 

SEM  microstructures  of  the  as-grown  crystals 
are  shown  in  Fig.3.uThe  descriptive  groupings, 
which  are  of  course  subjective,  were  round, 
moderately  cuboidal,  very  cuboidal,  irregular,  and 
irregular  faceted.  The  distribution  of  y'  is 
illustrated  in  Fig.  3(a)  through  (d).  The  y  particles 
ranged  from  a  cuboidal  shape,  as  in  Ni-16A1,  to 
irregular  faceted,  as  in  Ni-22A1  alloy.  The  Fig.  3(a, 
b)  shows,  that  Ni-16A1  and  Ni-18A1  are  two-phase 
crystals,  where  discontinuous  networks  of  y-phase 
(gray)  containing  y'-phase  (black)  are  visible.  The 
average  particle  size  of  y  in  Ni-16A1  and  Ni-18A1 
alloys  were  150  nm  and  300-500  nm,  respectively. 
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Fig.  3.  SEM  microstructures  of  as-grown  crystals. 


In  the  Ni-20A1  and  Ni-22A1  the  irregular 
precipitates  were  formed  by  the  apparent 
coalescence  of  many  smaller  cuboidal  precipitates 
(Fig.  3(c,d));  while  the  irregular  faceted  particles, 
which  occurred  in  conjunction  with  a  dispersion  of 
small  precipitates,  formed  during  solidification  and 
displayed  a  crystallographic  faceting  nature  of  the 
y'  interface.  The  cuboidal  particles  of  y' -phase 
(Fig.  3  (c))  were  generally  grouped  and  ordered  in 
a  square  array. 

The  as-growth  Ni-22A1  micro  structure  consists 
of  cored  dendritic  arms  in  the  direction  of  crystal 
growth  axis.  The  cores  of  the  dendrites  are 
composed  of  two-phase  mixture  of  residual  y 
(nickel  solid  solution)  in  y'  (Ni3Al).  The  average  y' 
irregular  faceted  size  was  found  to  be  ~  25  pm. 

The  processing  conditions  for  all  studied  alloys, 
i.e.  melting  temperature,  rate  of  growing,  cooling 
regime  were  the  same.  However,  y' -particle  size 
varied  from  alloy  to  alloy  and  became  larger  with 
increasing  aluminum  content.  In  addition,  only 
slight  variations  in  y'  precipitate  size  existed 
between  the  top  and  bottom  of  the  bars. 

3.2  Cold-rolling,  texture  and  microstructure  of  as- 
rolled  crystals 

Here  we  present  successful  fabrication  of  thin 
foils  of  two-phase  Ni-rich  superalloys  by  cold 
rolling  of  directionally  solidified  ingots.  Thin  foil 
of  200  pm  in  thickness  was  successfully  produced 
with  80%  reduction  in  thickness  at  room 
temperature  without  intermediate  annealing.  Fig.  4 
shows  the  appearance  of  the  specimens  after  80% 
reduction  for  all  alloys.  The  Ni-16A1,  Ni-18A1  and 
Ni-20A1  foils  have  a  good  surface  quality.  The 
surface  is  smooth,  flat  and  crack  free  at  the  edge  of 
the  specimen.  During  cold-rolling  one  foil  of  Ni- 
16A1  after  50%  reduction  was  eventually  bent 
double  (Fig.  4(a)).  However,  no  cracks  appeared. 
Single  cracks  were  observed  only  along  the  high- 
angle  grain  boundaries  in  polycrystalline  part  of 
alloys.  It  is  well  known  that  this  type  of 


stoichiometric  Ni3Al  grain  boundaries  has  a  typical 
brittleness  and  two-  phase  Ni-rich  superalloys  are 
not  an  exception  (Fig.  4(c)),  but  the  low-angle 
grain  boundaries  of  the  alloy  prepared  by  FZ-UDS 
are  crack-resistant  (Fig.  4(b)). 


Fig.  4.  General  view  of  as-rolled  foils. 


Table  II.  Results  of  crystal  growth  and  cold  rolling: 
orientation,  final  cold  rolling  reduction,  reduction 
when  cracking  starts,  rolling  texture. 


Sample 

Orientation 

Final 

reduction  % 

Reduction 
where 
cracking 
start  % 

Rolling 

texture 

Ni-16AI 

<1.00.83.8> 

80 

— 

{110}<102> 

+{110}<121> 

Ni-18AI 

<0.1  0.00.9> 
<0.30.00.9> 

76 

82 

60 

{ 1 10}<771> 
+{110}<121> 

Ni-20A1 

— 

80 

62 

{110}<116> 

Ni-22A1 

— 

80 

28 

(110}<241> 

+{110}<12]> 

The  foils  of  Ni-18A1  and  Ni-20A1  composition 
have  the  cracking  initiation  along  high-angle  grain 
boundaries  after  60  %  reduction  (Table  II). 
However,  we  successfully  prepared  large-  area 
foils.  The  specimen  of  Ni-22A1  did  not  break  up  to 
about  80%  reduction  but  many  cracks  were 
observed  at  the  edge  of  the  specimen  (Fig.  4(d)) 
after  28  %  reduction.  Such  behavior  during  cold 
rolling  can  be  related  to  the  evolution  of  rolling 
texture.  There  are  some  differences  among  the 
samples,  as  shown  in  Table  II.  Sample  Ni-20A1  has 
only  strong  (110}<116>  texture.  Samples  Ni-16A1, 
Ni-18A1  and  N1-22A1  have  a  general  weak  texture 
{ 1 10}<121  >,  however,  a  strong  {110}  texture  has 
some  scatters  around  rolling  direction  <102>, 
<77 1>  and  <24 1>,  respectively.  It  can  be 
dependent  of  the  initial  orientation  of  the  sheet,  but 
the  details  are  not  known.  However,  note  that  the 
rolling  plane  {110}  of  two-phase  Ni-rich 
superalloys  are  the  same  as  the  stoichiometric 
Ni3Al15. 
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It  should  be  noted  that  polycrystalline  y-y'  alloys 
could  be  cold-rolled  without  the  addition  of 
ductility  enhancing  elements. 


Fig.  5.  SEM  microstructures  of  as-rolled  crystals 

Fig.  5  shows  the  SEM  micrographs  of  the 
polished  and  subsequently  slightly  etched 
specimens  after  cold  rolling.  The  y'  precipitates  are 
visible  stretching  along  rolling  direction  and  their 
form  changes  (comparison  of  Fig.  3  and  Fig.  5):  a) 
from  cuboidal  to  rectangular  (Fig.  3(b),  Fig.  5(b)); 
b)  irregular  facets  to  elongated  facets  or 
rectangular  (Fig.  3  (c,  d)  and  Fig.  5  (c,  d)).  The 
grains  were  elongated  uniformly  toward  the  rolling 
direction  and  long  slip  traces  are  observed  in  the 
elongated  grains.  The  slip  traces  run  straight  from 
one  grain  boundary  to  the  other  grain  boundary, 
which  indicates  that  substantial  dislocations  can 
transfer  across  even  random  grain  boundary  from 
one  grain  to  the  adjacent  grain  similar  to  the  case 
in  the  directionally  solidified  columnar  grains. 

4.  CONCLUSIONS 

The  influence  of  non-stoichiometry  of  Ni/Al 
alloys  on  the  behavior  of  system  during  crystal 
growing  had  been  studied.  It  was  found  that  both 
the  phases  (y  and  y')  grew  non-simultaneously 
from  the  liquid,  however,  the  structure  of 
stoichiometric  Ni3Al  is  formed  at  the  planar 
solidification  interface;  both  the  phase  (y'  and  (3) 
grew  simultaneously  from  the  liquid.  The  crystals 
of  two-phase  Ni-rich  superalloy  with  compositions 
of  16  -  22  at%Al  were  successfully  prepared  by 
FZ-UDS.  The  microstructure  of  those  alloys  in  as- 
grown  crystals  consists  of  y'  precipitates  in  a  y- 
phase  solid  solution  matrix. 

It  was  found  to  be  possible  to  prepare  the  large- 
area  foils  of  the  polycrystalline  two-phase  Ni-rich 
superalloys  at  room  temperature  by  cold  rolling. 
Total  reduction  of  80  %  from  the  initial  sheet  was 
obtained.  No  heat  treatment  was  performed  on  the 
sheet  during  the  entire  rolling  process.  It  can  be 
noted  that  such  thin  foils  were  produced  from 
brittle  intermetallic  compound  two-phase  Ni-rich 


superalloys  without  any  alloying  elements  and 
without  intermediate  annealing  treatment.  The  foils 
were  so  thin  that  it  could  be  bent  elastically. 
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BIOMIMETIC  RECEPTION  OF  HYDROXYAPATITE  COATINGS 

Kryshanovska  A.S.,  Korovnikova  N.I.,  Savin  Yu.N.,  Tolmachev  A.V. 

Institute  for  Single  Crystals  of  NAS  of  Ukraine,  Kharkov,  Ukraine 


It  is  known,  that  calcium  hydroxyapatite 
Caio(P04)6(OH)2  (HAp)  is  a  structural  analogue 
and  main  composite  of  inorganic  part  of  bone  and 
tooth  fabrics  of  organism.  It  is  widely  used  as 
powders,  as  monocrystals  in  orthopaedics  and 
stomatology  due  to  its  high  biocompatibility  .  The 
special  interest  is  represented  by  coats  on  a  HAp 
basis,  allowing  to  give  made  from  bioinert 
materials  implant  proper  HAp  of  property.  There 
are  various  expedients  of  drawing  of  such  coatings. 
The  new  opportunities  for  their  reception  are 
unclosed  at  use  of  properties  of  a  structured 
organic  matrix  containing  functional  groups  of  an 
anionic  type,  to  boost  origin,  to  check  and  to  guide 
growth  of  inorganic  crystals  (process  biological 
mineralization  or  a  biomimetic  method).  Last 
allows  to  shape  inorganic  coatings  with  given 
properties:  in  density,  sizes  of  crystals,  quantity 
and  shape  of  pores  etc. 

In  the  given  work  the  optimum  requirements  of 
reception  of  coats  from  HAp  by  a  biomimetic 
method  on  surfaces,  modified  monomolecular  film 
of  stearic  acid  put  expedient  Langmuir-Blogette 
are  found.  The  nanocrystal  coating  of  HAp  were 
grown  on  modified  quartz,  silicon  and  sapphire 
substrates  from  water  solutions  (NH4)2HP04, 
CaCL  and  NH4OH  (at  a  variation  of  concentrations 
of  precursors,  pH  of  medium)  with  the  subsequent 
exsiccation  and  anneling.  The  received  samples 
were  explored  by  XPS,  of  the  phase  analyses,  IR- 
spectroscopy,  electronic  microscopy  and  electronic 
microdiffraction. 

The  XPS  data  of  the  element  analysis  show 
stoichiometric  a  relation  of  calcium  to  phosphorus 
equal  1 .67,  relevant  to  a  phase  HAp. 

The  X-ray  phase  analysis  testifies  to  presence  of 
the  phase  of  HAp  (~90  %)  and  small  quantity  (~10 
%)  CaO  in  samples. 

The  basic  reflections  of  the  received  coatings  on 
the  difractogram  are  presented,  wich  is  reference 
for  structure  HAp. 

There  are  strips  of  stretching  vibrations  of  ions  it 
(v=3575  cm'1),  groups  P043"  (v=1090,  1040,  963 
cm'1),  reference  for  HAp  IR-absorption  spectra  is 
model. 


According  with  the  experimental  data  received  by 
an  electronic  microscopy  (Fig)  HAp  films  are 
polycrystalline  (sizes  of  crystals  is~50-100  nm) 
and  porous  (sizes  of  pores  -  100  nm).  The  grain 
edges  are  not  sharp,  confirming  the  amorphization 
of  the  nanocrystal  surfaces.  The  possible  reason  is 
the  presence  of  not  completely  reacted  calcium  at 
phase  transformations. 

In  accordance  with  the  experimental  results  of  an 
electronic  microdifraction,  nanocrystals  have 
hexagonal  structure  with  parameters  of  a  lattice 
relating  to  a  crystalline  structure  of  HAp.  They  are 
oriented  by  a  plane  (Oil)  respect  to  a  normal  of  a 
surface. 


Fig.  Electron  microscopy  image  of 
hydroxyapatite  coating  on  the  quartz  substrate. 
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NANOCRYSTALLINE  DIAMOND-SIC  CERAMICS 

Ekimov  E.A.,  Palosz  Lojkowski  W.(1),  Gierlotka  S.(I>,  Filonenko  V.P.,  Antanovich  A.A., 

Kuzin  N.N.,  Slesarev  V.N. 

Institute  for  High  Pressure  Physics,  Russian  Academy  of  Sciences,  Troitsk,  Moscow  region,  Russia 
(,)High  Pressure  Research  Center,  Polish  Academy  of  Sciences,  Warsaw,  Poland 


Dynamically  synthesized  nanodiamond  is  a 
promising  material  for  obtaining  superhard 
compacts.  Abrasive  properties  of  explosive 
diamond  powders  with  the  nanosructure  of  grains 
(shock-synthesized  polycrystalline  nanodimond 
■powder)  are  better  than  those  of  powders  produced 
from  natural  and  synthetic  single  crystal  diamond 
[1],  We  have  previously  shown  that  infiltrating 
polycrystalline  nanodiamond  powder  by  liquid  Si 
under  high  pressure  is  an  attractive  approach  to  the 
synthesis  of  solid  nanocrystalline  diamond  [2], 
However,  the  question  of  infiltration  mechanism 
and  some  structural  peculiarities  of  the  material 
with  nanostructure  were  still  unclear. 

The  starting  nanodiamond,  DALAN  (Russia)  was 
a  0.05  to  5  pm  grain-graded  powder.  According  to 
x-ray  and  TEM  data,  grains  of  the  powder 
consisted  of  3-10  nm  crystallites.  The 
polycrystalline  nanodiamond  powder  contains  a 
certain  amount  of  gas  impurities  close  to  that  in 
microcrystalline  static-synthesized  diamonds 
(Fig.  1 ). 


Temperature,  °C 

Fig.  1.  Thermal  gravimetric  analysis  (in  helium)  of 
the  DALAN  powder  (2)  in  comparison  with  the 
behaviour  of  cluster  diamond  (3)  and  static- 
synthesized  one  (1). 

The  DALAN  powder  was  subjected  to  heating  in 
the  800-2200  temperature  range  at  7.7GPa  to 
investigate  the  behavior  of  open  pores,  whose 
presence  is  important  for  the  infiltration.  Our 


experiments  showed  that  all  compacts,  except  for 
samples  obtained  at  800  °C,  contain  graphite.  For 
the  sintering  temperature  ranges  800  -  1400  and 
1600  -  2000  0c,  the  samples  reach  the  Vickers 
hardness  equal  to  15GPa  and  20  -  25GPa  and  the 
density  equal  to  90  -  95  and  80  -  85  %  of  the 
theoretical  one,  respectively  (Fig.  2).  Higher 
density  values  for  the  samples  treated  in  the  lower 
temperature  range  point  out  that  these  compacts 
contain  pores  permeable  for  Fie  during  density 
measurements  (helium  pycnometry).  In  addition, 
both  a  lower  hardness  and  lower  amount  of  the 
graphite  phase  are  evidently  connected  with  the 
presence  of  open  pores  in  diamond  compacts 
obtained  in  the  lower  temperature 
range. 


Fig. 2.  The  dependence  of  sample  density  of  the 
DALAN  compact  (P=7.7GPa,  x=6min)  on  the 
sintering  temperature. 

In  infiltration  experiments  under  pressure 
(7.7GPa),  molten  Si  penetrated  into  nanodiamond 
and  filled  pores  between  diamond  grains. 
Subsequently  Si  reacted  with  carbon  to  form 
nanocrystalline  SiC. 

Hardness  of  infiltrated  samples  was  measured  by 
two  methods.  There  are  the  microhardness  and 
depth  sensing  indentation  methods.  Typically,  the 
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Vickers  microhardness  measurements  at  the  9.8N 
indenter  loading  yielded  the  average  hardness 
equal  to  51+3  GPa  for  composites.  Being 
determined  from  the  length  of  indentation-induced 
cracks,  the  fracture  toughness  coefficient  was 
equal  to  10  ±  3  MN/m3^.  The  depth  and  load 
sensing  indentation  technique  was  used  to  test  the 
homogeneity  of  diamond-SiC  composite  in 
hardness  and  determine  the  Young’s  modulus  as 
well.  The  average  depth  and  area  of  indentation 
imprints  of  the  Vickers  pyramid  were  0.82pm  and 
8.1pm2,  respectively.  From  the  area  with  sizes 
about  50x50pm,  taken  in  the  middle  of  the 
diamond-SiC  compact,  the  average  both  a 
hardness  and  the  Young’s  modulus  were  found  to 
be  60±1  lGPa  and  550+70GPa,  respectively.  The 
standard  deviation  up  to  20%  for  the  hardness  data 
and  hardness  data  themselves  are  typical  for 
polycrystalline  diamond  materials,  whereas  the 
Young’s  modulus  of  the  nanocomposite  is  rather 
close  to  that  of  SiC.  From  our  point  of  view,  this 
circumstance  clearly  indicates  a  substantial  role  of 
the  SiC  binder  in  the  mechanical  behaviour  of  this 
nanocomposite.  We  did  not  detect  any  pores  in  the 
compacts  of  nanodiamond  infiltrated  with  silicon 
(Fig-3). 


Fig.  3.  SEM  picture  of  the  diamond-SiC  composite 
(polished  surface). 

The  amount  of  SiC-binder  in  the  compact  is 
sufficient  (15-25  vol  %)  to  isolate  diamond  grains 
from  each  other. 

On  the  polished  surface  of  the  diamond-SiC 
compact,  the  layers  of  50-100nm  thick  between 
the  grain  islands  may  be  interpreted  as  a  SiC 
phase.  The  thickness  of  these  layers  is  consistent 


with  the  grain  size  of  SiC  phase  (20-50nm,  taken 
from  x-ray  and  TEM  analyses)  in  the  composite. 
We  suggest  that  the  presence  of  nanopores  in  the 
compressed  nanodiamond  powder  is  responsible 
for  the  nanostate  of  SiC  layers.  For  proving  this 
point,  we  infiltrated  the  4-5|am  nanodiamond 
powder  with  a  narrow  particle  size  distribution  and 
found  the  increase  of  the  mean  grain  size  of  SiC  in 
the  composite  material.  Submicron  grains  of  SiC 
were  found  in  large  “pores”  among  SiC  nanograins 
of  30-50nm  (Fig.4). 


Fig.  4.  TEM  photograph  of  the  nanodimod-SiC 
composite. 

The  advantage  of  nanocomposites  over 
conventional  polycrystalline  diamond  ceramics  in 
their  application  as  finishing  tools  and  dies  follows 
from  the  possibility  of  reaching  a  very  high  wear 
resistance  and  abrasive  ability  of  tools. 
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This  work  is  devoted  to  experimental  study  of  de¬ 
formation  behavior  and  failure  at  77  and  4.2  K  of 
the  Zr46  8Ti8.2Cu7.5Ni10Be27.5  bulk  metallic  glass. 
Obtained  results  are  considered  in  the  framework 
of  notions  of  the  polycluster  model  of  amorphous 
solids  [1]  on  the  atomic  structure  and  micro 
mechanisms  of  plastic  deformation. 

Deformation  curves  at  the  quasistatic  uniaxial 
compression  of  cylindrical  (2,5  mm  in  diameter  x  7 
mm)  samples  of  the  Zr46TigCu7.5NiioBe27.5  bulk 
metallic  glass  [2]  were  measured  at  300,  77  K  and 
4.2  K  with  strain-rates  £  j  =2*1 O'2 s'1  and  £2s4‘10" 
V.  Fractography  observations  of  the  failure  sur¬ 
faces  were  made  in  the  TESLA  BS300  scanning 
electron  microscope. 

Values  of  the  yield  stress  o0  and  the  failure  stress 
<7f  measured  at  different  temperatures  are  shown  in 
the  Table  1 . 

Table  1.  Values  of  the  yield  stress  o0  and  the  fail¬ 
ure  stress  cy  at  different  temperatures  and  strain- 
rates. 


T,  K 

(To ,  GPa 

ay,  GPa 

£  i 

£  2 

£  i 

£  2 

300 

1.7 

1.58 

1.91 

1.79 

77 

2.1 

- 

2.5 

- 

4.2 

2.4 

- 

3.0 

- 

It  can  be  seen  from  the  Table  1  that  a0  increases 
under  the  temperature  decreasing  from  300  to  4.2 
K.  Deformation  curves  “cr-^’demonstrate  the  easy 
glide  stage,  and  at  the  room  temperature  deforma¬ 
tion  proceeds  by  a  serrated  flow.  Mean  amplitudes 
Ao  of  the  serrations  are  of  the  order  of  1 8  MPa, 
and  corresponding  plastic  deformation  As  per  a 
load  jump  A P  is  estimated  as 

.As=A?/K-\0,  (1) 


not  registered  but  the  plastic  deformation  has  a 
localized  character.  Local  shear  bands  are  observed 
on  the  surface  of  specimens  at  77  and  4.2  K. 

Shear  band  orientations  at  77  and  4.2  K  were  ap¬ 
proximately  the  same  as  at  300  K  i.  e.  they  were 
close  (within  1-3  degree)  to  the  plane  of  maximum 
shear  stresses,  oriented  at  45  degree  to  the  com¬ 
pression  axis. 

Ductile  shear  failure  of  the  samples  at  77  and  4.2  K 
occurred  by  sliding-off  of  one  part  of  a  sample 
relative  to  another  along  the  plane  oriented  ap¬ 
proximately  at  45  degree  to  the  compression  axis 
as  at  300  K  [3,  4],  Thus,  decreasing  of  the  tem¬ 
perature  from  300  to  4.2  K  does  not  influence  the 
orientation  of  shear  bands  and  shear  failure  sur¬ 
faces  relative  to  the  compression  axis. 

Measurements  of  the  deformation  curves  “cr-£”  at 
300  K  were  carried-out  at  two  different  strain- 
rates:  2*  10'2  s'1  and  4T0"4  s'1.  Magnitudes  of  yield 
stresses  typical  of  each  of  these  strain-rates  are 
indicated  in  the  Table  1.  It  is  turned  out  that  in¬ 
creasing  of  £  from  4- 1C4  s'1  to  2-10'2  s'1  increased 
(To  from  1 .58  GPa  to  1 .70  GPa.  Such  a  character  of 
the  strain-rate  sensitivity  AoJAe  at  300  K,  to¬ 
gether  with  the  obtained  temperature  dependence 
of  <j0  ,  can  be  considered  as  indication  on  the  ther¬ 
mally  activated  character  of  plastic  deformation  in 
the  studied  metallic  glass. 

An  activation  volume  y  of  the  plastic  flow  Was  es¬ 
timated  assuming  that  the  Arrenius  law 

£  =  £  0exp[-(H0-y  ■  o)t  kT  .  (2) 

Here  H0  is  the  activation  enthalpy,  o  is  a  flow 
stress,  k  is  the  Boltzmann  constant,  T  is  the  tem¬ 
perature.  The  value  of  yean  be  calculated  as 

y-Kl-{A\r\e  IAd)j  c  .  (3) 

At  the  yield  stress  o0-  the  value  of  y  is  1.03*10 22 
cm3. 


where  K  is  the  rigidity  of  the  “sample-machine” 
system,  10  is  the  initial  length  of  the  sample,  was 
0.3  %.  At  77  and  4.2  K  jump-like  deformation  was 
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Electron  microscopic  observations  of  the  ductile 
shear  failure  surfaces  arisen  by  sliding-off  of  one 
part  of  a  sample  relative  to  another  under  uniaxial 
compression  at  77  and  4.2  K  revealed  “vein”  pat¬ 
terns  in  all  studied  samples  “Chevrons”  or  other 
features  that  are  characteristic  of  the  “ductile- 
brittle”  transition  in  metallic  glasses  under  de¬ 
creasing  of  the  temperature  [5]  were  not  observed. 
Availability  of  “vein”  patterns  in  combination  with 
the  data  on  the  orientation  of  failure  surfaces  of 
samples  makes  possible  to  conclude: 

a)  the  failure  of  the  Zr46Ti8Cu7.5NiioBe27.5  bulk 
metallic  glass  under  decreasing  of  the  temperature 
down  to  4.2  K  has  the  ductile  character,  as  well  as 
at  300  K; 

b)  further  decreasing  of  the  testing  temperature 
down  to  4.2  K  lead  of  a  new  characteristic  feature 
of  the  “vein”  pattern.  Besides  “veins”  with  a  usual 
thickness  there  are  “veins”  with  increased  thick¬ 
ness  at  4.2  K  and  the  large  pieces  of  the  melted 
material  which  fell  on  the  shear  failure  surfaces 
(during  the  failure)  and  solidified. 

c)  availability  of  the  bands  of  localized  shear 
(shear  steps  on  the  surface  of  bulk  metallic  glass 
samples)  oriented  along  the  plane  of  maximum 
shear  stresses,  observing  of  the  shear  failure  mode 
owing  to  sliding-off  along  this  plane  -  indicate  on 
gradual  spreading  of  the  plastic  shear  front  in  bulk 
metallic  glasses  in  time.  Such  gradual  spreading  is 
similar  to  crystalline  solids,  where  dislocation 
mechanism  of  plastic  shear  takes  place. 

Bulk  metallic  glasses  have  almost  the  same  fea¬ 
tures  of  plasticity,  which  are  typical  of  crystalline 
metallic  alloys  [6]  (availability  of  the  yield  stress, 
strain-rate  and  temperature  sensitivity,  easy  glide, 
superplasticity,  creep,  deformation  instability  and 
jump-like  deformation,  strain  localization  in  glide 
bands,  local  adiabatic  heating  (up  to  the  melting 
point  at  the  low  temperature  catastrophic  shear  and 
failure).  This  allowed  extending  of  dislocation  no¬ 
tions  to  metallic  glasses.  As  distinct  from  earlier 
considerations  [7,  8],  the  polycluster  model  of 
metallic  glasses  [1]  allows  concretizing  of  the  dis¬ 
location  description  of  plastic  deformation  in  me¬ 
tallic  glasses. 

The  polycluster  model  of  metallic  glasses  consid¬ 
ers  atomic  structure  of  metallic  glasses  as  a  random 
aggregate  of  non-crystalline  ordered  nanoclusters 
(with  mean  dimensions  of  ~  10  nm)  separated  by 
disordered  intercluster  boundaries.  According  to 
the  polycluster  model,  these  boundaries  put  up  the 
small  resistance  to  a  plastic  shear  in  comparison 
with  the  body  of  clusters.  In  view  of  large  volume 


density  of  intercluster  boundaries  (approximately  5 
%  of  atoms  belong  to  boundary  layers,  when  clus¬ 
ters  dimensions  are  ~10  nm),  exactly  the  structure 
of  these  boundaries  determines  plastic  resistance 
and  mechanical  properties  of  metallic  glasses.  The 
critical  stress  <jp  for  a  plastic  shear  along  an  inter¬ 
cluster  boundary  in  the  absence  of  thermal  activa¬ 
tion  can  be  described  [1]  in  a  first  approach  as 

crp=(<o'c>-Sc!2)  •  c=a0C  •  cc,  (4) 

where  ac  are  local  critical  shear  stresses  in  coin¬ 
ciding  sites  at  the  intercluster  boundary;  8C  /  2  is 
the  half-width  of  the  oc  distribution,  and  aoc  = 
<ac>  -  8C  /  2  is  the  smallest  magnitude  of  oc.  crp  is 
close  to  <70  (crp  ~  cr0). 

Thermal  activation  decreases  the  ap  value  due  to 
increasing  of  the  probability  of  overcoming  the 
potential  relief  along  intercluster  boundaries  [9, 
10]  The  order  of  magnitude  of  the  activation  vol¬ 
ume  of  the  plastic  flow  (1.03 TO'22  cm3)  measured 
experimentally  in  our  work  is  close  to  that  of  a  lat¬ 
tice  dislocations  motion  in  the  Peierls  relief  in 
crystals  Thus,  obtained  magnitude  of  the  activation 
volume  does  not  contradict  to  the  dislocation  de¬ 
scription  of  the  metallic  glass  inhomogeneous 
plastic  deformation  in  the  framework  of  the  poly¬ 
cluster  model . 
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The  rhombohedral  crystalline  structure  of  bismuth 
selenide  Bi2Se3  is  formed  by  a  periodic 
arrangement  of  layers  aligned  perpendicular  to  the 
trigonal  C  axis.  Each  layer  is  composed  of  five 
monoatomic  planes  ordered  according  to  the 
sequence  Se-Bi-Se-Bi-Se.  The  chemical  bonding  in 
the  layers  is  strong  covalent-ionic  one,  whereas 
between  the  layers  weak  Van  der  Waals  forces 
prevail.  As  it  was  established  before,  Bi2Se3  has 
competitive  characteristics  as  an  active  cathode 
material  for  1.5  V  power  sources  with  lithium 
anode.  In  this  report  we  investigate  the  influence  of 
copper  on  electrode  properties  of  Bi2Se3. 

Single  crystals  of  Bi2Se3  were  grown  by 
the  Bridgman  method  from  a  stoichiometric  melt 
of  the  components.  Doping  with  1  wt.  %  of  copper 
was  carried  out  before  synthesis  of  the  compound. 
The  lithium  batteries  under  investigations  were  of 
a  coin-like  construction  and  had  the  2325  standard 
size.  Cathodes  for  them  were  prepared  of  powde¬ 
red  Bi2Se3  and  their  porosity  was  about  of  20  %. 
As  electrolyte  we  used  1  M  solution  of  lithium 


tetrafluoroborate  (LiBF4)  in  y-butyrolactone.  As 
the  lithium  electrodes  always  were  in  plenty,  the 
utilization  coefficients  obtained  at  room 
temperature  for  different  electrodes  in  the  three- 
stage  discharge  conditions  (Fig.  1)  are  affected  by 
bismuth  selenide  parameters.  For  undoped  Bi2Se3 
the  values  of  x  (in  rescaling  to  LixBi2Se3)  change 
from  7.2  to  7.4.  The  X-ray  analysis  of  final 
reaction  products  allowed  to  establish  the  presence 
of  Bi  and  Li2Se.  Taking  also  into  account  the  fact 
that  Li+  ions  can  be  inserted  into  the  layered  matrix 
by  the  way  of  intercalation  and  in  the  range  0<r<l 
this  process  is  reversible,  the  current  formation 
mechanism  in  Li/Bi2Se3  batteries  may  be 
considered  as  combined  “intercalation  -  chemical” 
with  the  following  reactions: 

xLC  +  xLf  +  Bi2Se3  —>Li^Bi2Se3,  (1) 
Bi2Se3  +  6 Li  —  3Li2Se  +  2Bi.  (2) 

The  first  of  them  describes  the  mechanism  of  the 
insertion  of  the  cations  between  the  layers  and  the 
second  one  predicts  a  renewal  of  Bi2Se3  to  metallic 
bismuth. 
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Fig.  1.  Discharge  curve  of  a  battery  at  discharge  current  1  (1),  0.3  (2),  and  0.1  mA  (3). 


It  is  known  that  the  sites  appropriate  for 
intercalated  impurities  are  placed  between  the 
layers.  To  each  molecular  unit  of  Bi2Se3 
corresponds  one  octahedral  and  two  tetrahedral 
sites,  i.e.  their  filling  with  A  atoms  gives  AxBi2Se3 
with  x=3.  So  the  decrease  of  the  utilization 
coefficients  for  Cu-doped  cathodes  can  be  caused 
by  the  decrease  of  an  amount  of  vacant  sites 


appropriate  for  filling  with  Lf  ions  during  their 
intercalation.  It  is  confirmed  by  the  X-ray  studies 
of  the  crystals  performed  by  the  methods  of  Bond 
and  back  slit.  For  Bi2Se3  crystals  doped  with  1  wt. 
%  of  Cu  only  an  essential  increase  of  the  lattice 
parameters  c  (across  to  the  layers)  by  0.024  A 
takes  place,  i.e.  the  dopant  atoms  are  ordered  in  the 
interlayer  spaces. 
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Fig.2.  Impedance  variations  for  Bi2Se3<l%Cu>  at 
-40  (a),  +20  (b),  and  +60°C  (c)  depending  on  the 
depth  of  discharge:  x=0.5  (1);  2.6  (2);  4.03  (3),  and 
6.08  (4). 


(olc)  and  across  (a||C)  to  the  layers.  For  undoped 
bismuth  selenide  the  anisotropy  ratio  is  between  2 
and  5,  whereas  for  the  doped  compound  above  200 
K  the  conductivity  components  differ  insignificant¬ 
ly  and  at  low  temperatures  oiC  even  prevails  c^c 
by  20  to  40  %.  As  a  result,  the  effective 
conductivity  oeff  =(cj2xc-cT||c)1/3  of  the  active  catho¬ 
de  material  increases.  The  discharge  capacity  of 
2325-sized  Li/Bi2Se3<l%Cu>  batteries  is  increased 
by  20  to  25  mA-h  at  an  enough  hard  discharge 
condition  (Idisch  =1  mA). 

Typical  impedance  spectra  of  a 
Bi2Se3<l%Cu>  electrode  in  a  1  M  solution  of 
LiBF4  in  y-butyrolactone  measured  at  -40,  +20, 
and  +60°C  are  shown  in  Fig.  2.  At  high 
temperatures  the  transition  of  the  semicircles  (the 
high  frequency  part)  to  the  straight  lines  takes 
place  in  the  range  0.01  to  1  Hz.  A  charge  transfer 
followed  by  the  Li+  ions  diffusion  into  interlayer 
Van  der  Waals  spaces  of  bismuth  selenide  can 
explain  it.  The  results  obtained  at  different 
discharge  stages  were  analyzed  on  the  basis  of  the 
Randles-Ershler  equivalent  circuit,  which  includes 
a  resistance  mass-transfer  correction  Rt,c,  a  double 
electrical  layer  capacitance  Cd,i,  and  an  ohmic 
resistance  Rs.  As  it  was  expected,  the  kinetics  of 
the  electrochemical  process  becomes  essentially 
improved  with  increasing  temperature:  the 
resistance  mass-transfer  correction  Rbc  decreases 
and  the  diffusion  coefficient  D  of  Li+  ions 
increases  (see  Table  1).  The  opposite  change  of 
these  parameters  takes  place  with  increasing 
discharge  depth. 


The  self-intercalation  behaviour  of  the 
copper  atoms  is  also  confirmed  by  the  measure¬ 
ments  of  the  Bi2Se3  conductivity  components  along 

Table  1.  Parameters  of  the  elements  of  the  equivalent  Randles — Ershler  circuit 
for  Bi2Se3<l%Cu>  in  1M  solution  of  LiBF4  in  y-  butyrolactone 


X 

Rs,  Ohm-cm2 

Rt,c,  Ohm-cm2 

Cdj],  pF-cnv 

D,  ernes'1 

-40UC 

+20UC 

+60UC 

-40"C 

+20UC 

+60UC 

+20  C 

+60  C 

+60°C 

_ - _ 

0.5 

30.33 

8.919 

6.229 

209200 

858.4 

28.97 

12.23 

11.43 

11.73 

1.0 

32.23 

E||g| 

6.018 

288000 

1356 

38.30 

17.14 

9.096 

13.32 

1.4 

36.42 

11.24 

7.001 

353800 

1597 

57.19 

12.97 

9.748 

11.00 

B8H 

1.8 

41.91 

11.27 

7.210 

373700 

1692 

61.10 

9.758 

9.355 

10.10 

2.2 

37.85 

11.99 

7.736 

322400 

1852 

79.45 

14.24 

8.552 

9.765 

3.0 

278.0 

42.65 

23.05 

420000 

2487 

150.9 

11.47 

5.729 

3.540 

1 

4.03 

481.6 

133.0 

70.76 

520700 

2828 

199.4 

11.83 

6.097 

3.456 

6.08 

4054 

1174 

669.2 

678300 

6637 

673.4 

9.013 

7.403 

2.637 

1 
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PROTON  INTERCALATES:  OPTICAL  PROPERTIES  AND  THERMALLY 
STIMULATED  DEINTERCALATION  OF  HYDROGEN 

Boledzvuk  V.B..  Kovalyuk  Z.D.,  Pyrlya  M.M. 

The  Frantsevich  Institute  of  the  Materials  Science  Problems  of  the  National  Academy  of  Sciences 
of  Ukraine,  Chemivtsi  Department,  Chemivtsi,  Ukraine 


The  influence  of  hydrogen  intercalation  on 
physical  properties  of  InSe  and  GaSe  has  essential 
scientific  interest  due  to  possible  applications, 
especially  for  systems  of  accumulation  and  storage 
of  hydrogen. 

In  this  report  we  present  the  results  of 
investigations  of  the  transmission  spectra  measured 
in  the  range  of  the  GaSe  excitonic  absorption.  The 
samples  for  the  investigations  10  to  20  pm  in  thick 
were  obtained  by  cleaving  from  the  e-GaSe  ingots 
grown  by  the  Bridgman  method. 

The  intercalation  with  hydrogen  was  carried  out 
electrochemical ly  from  a  0.1  N  solution  of 
hydrogen  acid  by  using  the  method  of  “drawing” 
electrical  field  in  galvanostatic  conditions  [1]  by 
means  of  a  11-5827  M  potentiostate.  At  cathodic 
polarization  of  a  GaSe  sample  the  current  flowing 
through  the  electrochemical  cell  inserts  protons 
into  bulk  of  layered  crystals.  A  concentration  of 
the  inserted  impurity  has  been  determined  from  the 
amount  of  electricity,  which  was  carried  through 
the  electrochemical  cell,  i.e.  the  electrical  current 
density  and  duratrion  of  the  intercalation  are  its 
checking  parameters.  The  investigations  of  the 
transmission  spectra  were  carried  out  for  GaSe  and 
HxGaSe  samples  (at  0<x<l)  by  using  the 
installation  based  on  IKS-31  spectrometer.  Here  x 
is  the  amount  of  the  inserted  protons.  The  incident 
light  beam  was  directed  along  to  the  C  axis 
(normally  to  the  cleaved  surfaces)  of  the 
investigated  samples.  A  thermoregulated  cryostat 
system  YTPEKC-PTP  allowed  to  investigate  the 
transmission  spectra  in  the  temperature  range  77  to 
293  K. 

Concentration  dependences  of  the  energy 
location  (Eexc)  of  the  excitonic  n=l  maximum  and 
half-width  (AH)  of  the  excitonic  band  measured  at 
T=293  K  for  the  proton  HxGaSe  intercalates  are 
presented  in  Fig.  1.  These  curves  have  non- 
monotonous  behaviour:  in  the  hydrogen  content 
range  x  «  0  -  0.4  the  magnitudes  of  the  both 
parameters  increase.  At  a  further  increase  of  x  the 
behaviour  of  the  Ecxc(x)  and  AH(x)  curves  is 
opposite.  Fig.  2  shows  the  Ecxc(x)  and  AH(x) 
dependences  measured  at  T=77  K.  As  one  can  see, 
the  hydrogen  intercalation  leads  to  the  shift  of  the 


excitonic  maximum  energy  location  to  the  high- 
energy  range  and  broadens  the  excitonic  absorption 
band.  It  is  worth  to  note  that  these  curves  are  non- 
monotonous:  Eexc  and  AH  increase  in  the  range 
0.1<x<0.35  and  keep  practically  the  same  values  at 
higher  x. 


x  in  t-^GaSe 

Fig.  1 .  Concentration  dependences  of  the  excitonic 
(n=l)  maximum  Eexc  (1)  and  half-width  AH  of  the 
excitonic  band  (2)  for  HxGaSe  at  T=293  K. 


0.0  0.2  0.4  0.6  0.8  1.0 

x  in  HxGaSe 


Fig.2.  Concentration  dependences  of  the  excitonic 
(n=l)  maximum  Eexc  (1)  and  half-width  AH  of  the 
excitonic  band  (2)  for  HxGaSe  at  T=293  K. 

Starting  from  the  temperature  investigations  of 
the  transmission  spectra  for  the  “pure”  and 
intercalated  samples  we  have  determined  the 
temperature  coefficients  of  the  first  exciton 
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maximum  shift  dEexc/dT  and  the  change  of  the 
excitonic  band  half-width  dAH/dT  in  the 
temperature  range  77  to  293  K.  The  data  are  listed 
in  Table  1 . 


Table  1 .  Temperature  coefficients  of  the 
parameters  of  excitonic  absorption  band 


Compound 

dEexc/dT,  eV/deg. 

dAH/dT,  eV/deg. 

GaSe 

^4.7xl0'4 

4.0x10^ 

HxGaSe 

-5.0xl0'4 

4.5xl0’6  ~ 

The  obtained  Eexc(x)  and  AH(x)  dependences  for 
the  hydrogen  intercalates  can  be  explained  as  a 
result  of  deformation  effects  on  the  GaSe  energy 
band  structure  caused  by  intercalation.  Proceeding 
from  the  peculiarity  of  the  GaSe  crystalline 
structure  it  is  worth  to  point  out  that  the  contribu¬ 
tions  of  interlayer  and  intralayer  deformations  to  a 
reconstruction  of  the  GaSe  band  structure  vary  by 
different  way  during  intercalation.  With  increasing 
deformation  tensions  due  to  the  increase  of 
intercalant  content,  the  values  of  elastic  constants, 
describing  the  bonding  between  hydrogen  atoms, 
grow  slower  than  interlayer  elastic  constants  [2], 
For  applications  the  reversibility  of  hydrogen 
intercalation  is  very  important.  So  thermally 


stimulated  deintercalation  of  hydrogen  was 
investigated  for  HxInSe  insertion  compounds.  It 
has  been  carried  out  by  means  of  annealing  of  the 
intercalated  samples  at  t=100°C  for  3  to  7  h.  A 
hydrogen  deintercalation  degree  was  established 
from  the  comparison  of  the  exciton  maximum 
Eexc(x)  dependence  for  a  standard  sample  to  those 
of  annealed  samples.  It  is  found  that  for  the 
samples  HJnSe  (0.02<x<1.0)  the  contevt  of 
reversible  (deintercalated  hydrogen  lies  between 
57-78  %  (see  Table  2). 


Table  2.  Reversible  hydrogen  content  in 
HxInSe  intercalates 


x  in  HJnSe 

0.02 

0.2 

0.5 

0.75 

1.0 

Reversible 

h2,  % 

67 

54 

78 

67 

69 
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FORMATION  AND  CONDUCTIVITY  OF  OXIDES  IN  THE  SYSTEM 

La2-xNi04 

Nedilko  S.,  Kulichenko  V..  Dziazko  A. 

Kiev  Taras  Shevchenko  National  University,  64  Vladimirskaya  St.,  Kiev  01033,  Ukraine 


The  complex  oxides  on  the  basis  of 
lanthanum  nickelates  were  investigated.  These 
compounds  can  be  described  by  homological 
series  Lan+,Nin03n+,  (x  =  1,  2,  3,).  Crystal 
structure  of  these  oxides  is  formed  by  coherent 
grows  of  the  layers  of  LaNi03  and  La203  along  c 
axe.  La3Ni207  and  La4Ni3O10.  La5Ni40,3  obtained 
by  ceramic  technology  are  the  most  stable 
polynickelates,  according  to  the  results  of  XRD 
investigations. 

The  purpose  of  this  work  was  to  study 
physical  properties  of  cation-deficient  lanthanum 
nickelates,  such  as  LafNiCVLa-jN^CVI^NisCho- 
LaNi03. 

The  samples  were  synthesized  by  co¬ 
precipitation  of  La3+  and  Ni2'  ions  from  aqueous 
solutions  of  metals  nitrates  taken  at  stoichiometric 
ratio  2:1,  1,95:1...,  0.3:1  at  pH  9. 

As  precipitator  was  used  0,25  mol/l  solution 
of  K2C03  which  has  been  adding  till  achievement 
of  pH«9.  Coprecipitated  carbonates  were  washed 
out  by  distillated  water,  then  H20-(CH3)2C0  (1:1) 
mixture,  and  then  pure  acetone  and  dried  up  on 
air.  Thermal  processing  air-dry  batch  was  carried 
out  during  10  hours  at  950°C. 

XRD  investigations  of  the  compounds  obtained 
have  been  carried  out  by  a  powder  method  on  the 
x-ray  difffactometre  DRON-3  (Cu^radiation, 
Ni-filter).  For  the  chemical  analysis  on  the  content 
of  superfluous  oxygen  a  technique  of  iodometric 
titration  was  used. 

Based  on  the  data  of  chemical  analysis  the 
Ni3*  content  was  calculated  for  the  La2.xNi04.5. 
system.  The  data  are  shown  in  the  Table  1. 

Electroconductivity  of  the  samples  was 
measured  by  a  four-probe  method  on  the  pellets  of 
12x2  mm  with  putting  In-Ga  eutectic  under 
contacts  in  the  temperature  range  of  300-77K.  All 
synthesized  samples  were  powders  of  black  color, 
which  are  easily  dissolved  in  mineral  acids. 

It  was  found,  that  the  La2_xNi04.5  compounds 
(0<x<0,4)  crystallize  in  tetragonal  syngony  with 
structure  of  K2NiF4-type,  s.  g.  I4/mmm.  Increase 
in  x  results  in  a  decrease  of  tetragonal  unit  cell 
parameters.  The  samples  crystallize  in  rhombic 
syngony,  s.  g.  Fmmm  (0,45<x<0,55)  as  a 


La3Ni207  structural  type  with  insignificant  defects 
in  cation  sublattice.  In  an  interval  of  0.6<x<0.75 
in  La2.xNi04.5  system  the  samples  of  rhombic 
syngony  with  structure  La4Ni3Oi0,  s.g  Cmcm  are 
formed.  XRD  patterns  of  the  La,  2Ni03- 
Lai.o5Ni02.9  samples  are  similar  on  those  of 
La'4Ni3Oio  with  an  impurity  NiO.  Calcination  at 
950°  C  of  these  samples  wus  found  to  result  in 
formation  of  cubic  perovskites  structure  with 
defects  in  oxygen  sublattice. 


Table  1.  Composition  of  the  substituted  nickelates 
La2.xNi04.g . 


X 

Nickelates  formula 

0 

La2.ooNi2  o.fisNi 3  o.3s04.i7 

0.05 

La^NF  o.wNi J  0.36O4.10 

0.10 

Lai.9oNi  “  o.66NiJ  0.34O4.02 

0.15 

Lai  85Ni“’o  63Ni  '>+o.3703.9<; 

0.20 

Lai.soNi2  o.6r>Ni J  0.40O3.90 

0.25 

Lai.75NF  o.ssNi  ^0.4203.84 

0.30 

La]  70NF  o.ssNi  j  0.42O3.76 

0.35 

La]  65Ni~  o.ssNi J  o.4sO,3.7o 

0.40 

Lai.6oNi2*0.55Ni  ■*  o.4s03.63 

0.45 

Lai.55Ni  o.48Ni  0.52O3.59 

0.50 

Lai.5oNi  0.46Ni  0.S4O3.52 

0.55 

La  1 

0.60 

La,  4oNr '0.36Ni  i+o.6403.42 

0.65 

LaiasNi7  oasNi  P62O3  34 

0.70 

Lai  3oNi2  o.36Ni 3  o.6403.27 

0.75 

Lai  2sNi  o.3iNi  ■*  0.69O3.22 

0.80 

Lai.2oNiz  0.26Ni J  0.74O3.17 

0.85 

Lai  i5Ni‘  o.2iNi  J\7903.i2 

0.90 

Lai  ioNi"  0,24Ni  J+o.7603.03 

0.95 

Lai.osNi"  o.29Ni 3  o.7i0293 

1.00 

La:  ooNi2  o.isNi J  0.82O2.91 

1.10 

La0.9oNi2  o  ^Ni J  0.82O2.76 

1.20 

Lao.goNi  o.3oNi J  0.64O2.52 

1.25 

La0 75NL  o.4iNi J  0.59O2.42 

1.50 

Lao.sNf  0.62Ni 3  0.38O1.94 

1.70 

La0.3Ni2  o.7fiNi 3  0.2401.57 

It  was  shown,  that  the  average  degree  of 
nickel  oxidation  uniformly  increases  from  +2.35 
for  La2Ni04.n  to  +2.78  for  LaNi02.89  and  further 
decreases  to  +2.7  for  La0  8NiO2  55  as  a  result  of 
formation  bi-phase  system. 

The  samples  with  the  smaller  contents 
superfluous  lattice  oxygen  was  shown  to 
crystallize  in  rhombic  syngony  the  La/Ni  ratio  is 
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0.75<x<l.  The  dependence  of  superfluous  lattice 
oxygen  content  La/Ni  ratio  includes  three  parts: 
1.6<La/Ni<2,  where  tetragonal  La2.xNi04.8  are 
formed,  1.25<La/Ni<1.55,  where  rhombic 
polynickelates  are  formed  and  0.8<La/Ni<1.2  with 
negative  values  of  5'  (there  is  an  area  of  unstable 
in  the  given  conditions  of  synthesis  of  phases  with 
a  rhombic  type  of  La4Ni3Oio-s  and  cubic 
perovskite  lattices). 

All  the  obtained  phases  can  be  described  is 
Lan+1Nin03n+i+5,  series,  where  5  is  the  content  of 
superfluous  lattice  oxygen  on  n  mol  of  ions  of  a 
nickel.  The  nickel  degree  oxidation  was  found  to 
increase  from  +  2.35  to  +  2.51  with  growth  x  from 
0  to  0.5.  It  was  also  shown,  that  5=  0.17  for 
La2Ni04,i7  and  §=0.03  for  Lali6Ni03,63.  Thus  it  is 
possible  to  conclude,  that  the  8'  value  decreases 
with  growth  x,  though  the  general  contents  of 
superfluous  oxygen  increases  (Fig.  1). 

0.25  r- 


La/Ni 


Fig.l.  Dependence  of  the  content  of  superfluous 
lattice  oxygen  on  a  ratio  La/Ni. 

All  the  La2.xNi04.g  (0<x<0,5)  samples  was 
found  to  be  charecterized  a  semi-conducting 
properties. 

For  the  samples  with  high  La  concentration 
(x  =  2;  1,9;  1,8)  the  conductivity  as  a  function  of 
temperature  can  be  described  by  exponential 
function.  The  activation  energy  of  conductivity 
changes  from  0,099eV  (x=0)  to  0,Q56eV  (x=0,2). 
In  the  case  of  La^NiCbje  and  Laj^NiO^ 
samples  the  conductivity  does  not  depend  on 
temperature.  The  samples  of  La3Ni207-LaNi03 
system  were  shown  to  demonstrate  metallic  type 
of  temperature  dependence  of  conductivity. 


A  part  of  nickel  ions  in  lanthanum  nickelates 
transform  into  trivalent  state.  This  causes 
reduction  of  a  Ni-0  bond  length.  As  a  result,  dx2-y2 
i  p02-  orbitales  overlaping  takes  place  with 

formation  of  a  a*  zone  [1,  2].  The  increase  of 
trivalent  nickel  concentration  leads  to  increase  in 
degree  of  dx2_y2  and  p02-  orbitals  overlaping  and 
decrease  in  gap  between  conductivity  and  valent 
zones 

Thus  it  was  found,  that  in  the  La2Ni04- 
LaNi03  system  the  non-stoichiometric  oxides  of 
composition  Lai-n/nNi03+i/n+5  are  formed.  It  is 
shown,  that  electrokinetical  processes  in 
lanthanum  nickelates  essentially  depend  on  a 
degree  of  oxidation  of  nickel  ions.  Thus,  influence 
of  the  defects  in  cation  sublattice  on 
electroconductivity  of  the  samples  is  insignificant. 

Dependence  between  Inc  and  ln(8)  (8  is  the 
content  of  superfluous  oxygen)  at  293K  in  system 
La2.xNi04-s  (0<x<0,4)  also  has  linear  character 

(fig.  2), 


5.25 


4.25 


<=  3.25 


2.25 


1.25 


1.5  1.6 


1.7  1.8 


-Ln(  ) 


Fig.2.  Dependence  of  the  logarithm  of  electrical 
conductivity  on  the  logarithm  of  average  content 
of  superfluous  oxygen. 

that,  on  seen,  specifies  a  dominant  role  of  -Ni-O- 
layeres  in  electron  transport,  as  the  content  of 
non-stoichiometric  oxygen  linearly  is  proportional 
to  the  lanthanum  content. 
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After  the  effect  of  high-temperature 
superconductivity  (HTSC)  has  been  found,  one  of 
the  principal  problems  that  attract  attention  of 
researchers  is  that  of  mechanisms  for  appearance 
of  superconducting  state  in  the  HTSC  ceramics.  Of 
particular  importance  is  the  following  problem: 
how  structure  and  chemical  composition  of  HTSC 
compounds  affect  their  superconducting  properties. 
Solution  to  this  problem  could  enable  to  perform 
purposeful  and  substantiated  search  for  novel 
HTSC  materials  whose  properties  would  be 
suitable  for  practical  applications. 

Using  electron-positron  annihilation 
technique,  it  has  been  found  [1]  that  some 
structural  feature  of  YBa2Cu30,  compound  affects 
its  superconductivity.  This  is  inter-ion  interval  on 
each  side  of  the  Cu02  chains  along  c  axis.  Such 
interval  exists  in  the  YBa2Cu307  superconducting 
phase  only. 

Our  objectives  were  as  follows:  (i)  to  study 
Sm)-ABa2,vCu30i  structure  using  electron-positron 
annihilation  technique;  (ii)  to  determine,  for 
Snii  :ABa2.(Cu30,  cuprates,  interrelation  between 
the  critical  temperature  Tc  value  and  their  structural 
characteristics,  such  as  mean  radii  of  oxygen  ions 
and  one-dimensional  inter-ion  spacing  values  in 
the  crystal  lattice;  (iii)  to  verify  electron-positron 
annihilation  technique  applicability  for 
determination  of  oxygen  ion  radius;  (iv)  to 
detenu ine  sites  of  annihilation  between  positrons 
and  electrons  localized  in  the  inter-ion  space. 

In  this  work  we  studied  superconducting 
SmH  vBa2.ACu3Ov  compounds  of  123  type  (with  x  = 
0;  0.05;  0.1;  0.15  and  0.2,  y  =  6.95+0.05)  using 
angular  distribution  of  annihilation  photons 
spectroscopy  (ADAPS).  We  detenuined  mean  radii 
of  oxygen  ions  in  Sm,  ,vBa2.vCu30A  structure.  They 
lie  between  0.133  and  0.137  nm  depending  on  the 
substitution  degree  jc.  It  was  found  that 
transformation  of  tetragonal  symmetry  into 
orthorhombic  one  (when  the  degree  x  of  samarium 
substitution  for  barium  is  increased)  results  in  an 
abrupt  growth  of  the  oxygen  ion  mean  radius. 


Fig.l.  Geometric  model  for  positions  of  copper  and 

oxygen  ions  in  the  [b  ,  c  ]  plane.  AX  is  spacing 
between  the  electron  shells  of  oxygen  ions  0(3). 

Basing  on  results  of  x-ray  diffraction 
studies  and  the  values  of  oxygen  ion  radii  obtained 
with  ADAPS,  we  constructed  a  geometric  model 
(Fig.l)  for  positions  of  copper  and  oxygen  ions,  as 

well  as  layers  formed  by  Cu02  chains  in  the  [b  , 
c  ]  plane  (that  are  responsible  for 
superconductivity).  Our  results  evidenced  that  the 
structure  studied  is  not  close-packed  along  the  c 
axis.  On  each  side  of  the  close-packed  groups  of 
Cu02  ions  Cu(2)-0(3)  chains  are  located.  They  do 
not  immediately  contact  with  either  close-packed 
Cu02  chains  or  each  other.  Starting  from  this 
model,  we  calculated  the  ionic-covalent  bond 
lengths  and  inter-ion  spacing  values  AX  for 
SmKvBa2.vCu30,  structure  (they  are  0.03-0.04  nm). 
We  found  that  spacing  values  affect  the  critical 
temperature  value  Tc  in  SmlJ.tBa2..(Cu30A..  It  was 
shown  that  when  AX  values  or  relative  number  of 
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inter-ion  intervals  increase,  then  the  critical 
temperature  Tc  grows  (see  Fig.2). 


r(e"  )*S(e"  )*103 


Fig.2.  a)  -  product  of  the  radius  r(e‘)  of  electron 
localization  in  the  inter-ion  space  and  probability 
S(e")  of  electron-positron  annihilation  in  the  inter¬ 
ion  intervals  as  function  of  Tc;  b)  -  product  of 
spacing  AX  between  0(3)  anions  and  probability 
S(e )  as  function  of  Tc. 

The  obtained  AX  values  are  comparable  to 
the  root-mean  square  shift  <x2>A  of  O2'  ions  at 
thermal  vibrations.  The  <x2>y'  value  increases  with 
temperature;  as  a  result,  the  phonon  exchange 
along  the  [c  ]  direction  also  increases. 

This  may  disturb  coherent  movement  of 
quasi-particles  in  Cu02  chains,  smear  out  local  ion 
deformation  (which  is  responsible  for  quasi¬ 
particle  pairing)  and  break  superconducting  state 
when  temperature  T  becomes  over  Tc. 

Linear  correlation  dependence  between  the 
radius  r(e')  of  electron  localization  in  the  inter-ion 
space  (obtained  from  the  ADAP  spectra)  and 
spacing  AX  value  was  found  (Fig.3).  From  this  fact 
it  follows  that  it  is  these  intervals  that  are 
predominant  sites  of  positron  localization  in  the 
inter-ion  space. 


r(e" ),  nm 


Fig.3.  Correlation  dependence  of  the  radius  r(e  )  of 
electron  wave  function  localization  in  the  inter-ion 
space  on  spacing  AX  between  the  electron  shells  of 
0(3)  ions. 
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It  is  a  difficult  problem  to  identify  structure  of 
non-crystalline  system.  The  problem  is  more  diffi¬ 
cult  for  high-molecular  polymers.  The  determina¬ 
tion  of  experimental  radial  distribution  function 
(ERDF)  is  one  of  calculation  methods  for  struc¬ 
tural  analysis.  The  method  is  used  successfully  for 
analysis  of  different  compounds.  At  the  same  time 
structural  organization  often  can’t  be  found  on  the 
base  of  another  methods.  The  results  of  the  calcu¬ 
lations  (made  on  the  base  of  experimental  radial 
distribution  function)  depend  on  both  qualitative 
X-ray  data  and  correct  normalization  of  original 
experimental  curve. 


Fig.l.  Experimental  (a)  and  calculated  (b) 
diffractogram  of  PVTMS  at  20°C 

The  material  used  in  the  present  work  is  poly- 
viniltrimethylsilane  (PVTMS)  -  a  well- 
investigated  polymer.  This  polymer  has  unique 
structure  and  may  be  used  at  fabricating  of  gas- 
separated  membranes.  On  the  base  of  X-ray  inves¬ 
tigations,  at  normal  conditions  PVTMS  has  X-ray 
amorphous  picture  of  diffraction  (Fig.  la).  It  is 
established,  that  during  heating  and  stretching  a 


part  of  macro-chains  of  this  polymer  is  packed  into 
hexagonal  lattice  with  a=T,13  nm,  with  conforma¬ 
tion  disordering  (c«0.56  nm).  There  are  few  diffu¬ 
sive  maxims  with  lattice  half  -  width  on  X-ray 
diffractogram  of  initial  isotropic  sample.  The  sam¬ 
ple  has  increased  structural  organization  than  true 
amorphous. 

For  calculation  used  PVTMS  in  form  of  isotropic 
film.  X  -  ray  investigations  are  made  by  diffrac¬ 
tometer  DRON  -  2.  The  calculations  are  made  on 
the  base  of  computer  technologies. 

On  the  base  of  the  calculations  it  is  established, 
that  in  initial  polymer  average  distances  among 
molecules  are  1.18  nm  and  inter-chain  period  is 
about  0.53  nm.  These  parameters  are  close  to 
analogous  experimental  parameters  (see  above).  It 
is  explained  by  formation  of  columnar  mesophase 
during  thermal  treatment  and  stretching.  Under 
external  influences  the  conformation  changes  take 
place,  it  influences  on  average  inter-chain  periods. 
The  conformation  disordering  may  be  explained 
by  the  supposition,  that  not  all  macro-molecular 
chains  are  changed  conformationally  and  the 
changes  may  vary. 

The  obtained  results  were  checked  by  decision  of 
inverse  task  -  modeling  of  diffractometrical  curve 
on  the  base  of  the  most  probable  conformation  and 
obtained  with  help  of  ERDF  calculated  data.  This 
calculation  is  made  on  the  base  of  equation  of  De¬ 
bye,  considering  both  disperse  properties  of  atoms 
and  distances  among  atoms.  As  a  result,  error  in 
positions  of  diffusive  maxims  doesn’t  exceed  7% 
(Fig.  lb).  It  proves  authenticity  of  the  results  ob¬ 
tained  with  help  of  ERDF. 
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SYNTHESIS  AND  PHASE  TRANSITIONS  OF  AMORPHOUS  C3N4 
POWDERS  UNDER  HIGH  PRESSURE 

Khabashesku  V.N.(1,2),  Brinson  B.(2),  Margrave  J.L.(2),  Davydov  V.A.(3),  Kashevarova  L.S.(3), 
Rakhmanina  A.V.(3),  Yakovlev  E.N.(3),  Filonenko  V.P.(3) 

(1)Zelinsky  Institute  of  Organic  Chemistry  RAS,  Moscow,  Russia 
l2,Rice  University,  Houston,  TX,  USA 

^Vereschagin  Institute  for  High  Pressure  Physics  RAS,  Troitsk,  Moskow  reg.,  Russia 


Recently,  the  existence  of  potentially 
superhard  a-,  cubic  and  pseudocubic  C3N4 
polymorphs  have  been  suggested  on  basis  of 
calculations1,2.  However,  all  these  phases  are 
predicted  to  be  metastable  with  respect  to  the 
energetically  most  favorable  graphitic  carbon 
nitride  (g-C3N4),  which,  due  to  the  s/k-honded 
carbon,  is  expected  to  be  a  fairly  soft  material.3 
This  circumstance  as  well  as  the  low 
thermodynamic  stability  with  respect  to  the 
elements  (C  and  N2),  indicated  by  a  positive  values 
of  enthalpies  of  formation4,  present  the  most 
serious  challenge  in  the  preparation  of  superhard 
C3N4  phases. 

The  synthesis  of  the  C3N4  crystals  with  the 
57?3-bonding  under  high  pressure  appear  to  be  very 
promising  if  the  bulk  quantities  of  stoichiometric 
.syk-bonded  carbon  nitride  as  precursor  are  used  . 
To  solve  this  problem,  the  convenient  and 
inexpensive  solid-state  synthesis  of  carbo-nitride 
powders  in  gram  quantities  has  been  developed5"6. 

This  polymer  material  was  prepared  by  a 
high-temperature  polycondensation  reaction  using 
lithium  nitride  Li3N  as  a  nitridation  and  cross- 
linking  agent,  and  a  cyanuric  chloride  C3N3C13  or 
its  fluoro  analogue  C3N3F3  as  an  s-triazine  building 
block.  The  accordingly  synthesized  dark-brown 
powder  shows  featureless  morphology  with  grain 
particle  sizes  exceeding  100  micrometers.  The 
electron  microprobe  analysis  shows  that  this 
powders  are  nitrogen-rich  with  the  following 
varying  compositions:  C0.34-0.3sN0.54-0.58O0.03- 

0  05Cl0.01-0.02*  The  elemental  analysis  gives  an 
overall  at.  %  N/C  ratio  of  1.33,  precisely 
corresponding  to  the  C3N4  stoichiometry.  The 
FTIR  spectra  show  the  presence  of  s-triazine  ring 
(bands  at  1600,  986  and  805  cm'1),  which  strongly 
suggests  that  the  graphite-like  sp2-bonded  structure 
is  most  likely  for  the  carbo-nitride  powders.  The 
solid-state  (13C)  MAS  NMR  spectra  exhibited  two 
broad  peaks:  the  larger  at  168.9  ppm  corresponding 
to  the  sp2- hybridized  carbon  atoms  from  the  s- 
triazine  rings  and  the  smaller  at  123.4  ppm  for  the 
sp  carbon  of  the  cyano  group. 


Modification  of  this  process  has  recently 
led  to  the  first  preparation7,8  of  nanoscale-size 
carbon  nitride  possessing  a  previously  unknown 
spherical  structure.  The  particle  sizes  in  the 
prepared  yellow  powder  were  in  the  range  of  1 
micron  to  as  low  as  30  nm.  The  presence  of  s- 
triazine  rings  in  the  structure  was  established  by 
FTIR,  UV  and  (13C)  MAS  NMR  spectroscopy,  and 
of  pyramidalized  bridging  sp3  nitrogens  by  XPS 
data.  According  to  TEM  (Fig.  1)  and  XRD  data, 
the  spheres  are  multi-walled,  built  by  stacking 
curved  graphitic  C3N4  layers  with  the  d- spacing  of 
3.4 15 A,  very  close  to  the  average  intershell 
spacing  of  3.42  A  in  multiwall  carbon  nanotubes. 


Figl.  TEM  image  of  hollow  carbon  nitride  spheres 

Both  amorphous  graphitic  (planar  and  spherical) 
carbon  nitride  powders  were  tested  as  a  precursors 
in  a  series  of  high  pressure-high  temperature 
experiments,  which  were  carried  out  in  a  high- 
pressure  chamber  of  toroid- type.  According  to 
SEM/EDAX,  micro-Raman,  powder  XRD  and 
TEM/ED  studies,  under  pressures  of  8  to  10  GPa 
the  structure  of  carbon  nitride  changes  from 
amorphous  graphitic  to  more  ordered  layered 
graphite-like  structure  with  interplane  d-spacing  of 
3.264  A,  in  agreement  with  the  predicted  value  of 
3.29  A  for  P6m2  g-C3N4  phase1.  Initial  material 
was  observed  to  retain  the  C3N4  stoichiometry  at 
temperatures  of  about  400-500  °C  and  release 
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nitrogen  at  higher  temperatures  up  to  1200  °C  to 
convert  into  a  pure  carbon  phase  of  graphite  (d- 
spacing  of  3.34  A).  These  results  arc  in  agreement 
with  the  known  data  on  high  pressure 
investigations  of  carbonitrides  9"’2. 

The  XRD  data  show  that  the  sample 
prepared  at  pressure  of  8.5  GPa  and  500°C  from 
spherical  C3N4  precursor  has  crystallinity  of  about 
90  %.  The  TEM  data  (Fig.  2)  show  the  presence  of 
well-faceted  nanosize  crystallites  embedded  in  a 
larger  size  carbo-nitride  phase. 


Based  on  these  data,  it  is  very  likely  that 
besides  pressure  and  temperature,  the  reaction 
times  (from  milliseconds  to  hours)  as  well  as  a 
degree  of  openness  of  the  system  to  volatile 
components  are  of  primary  importance  for  the 
synthesis  of  the  sp3  C-bonded  carbon  nitride 
phases. 

This  research  is  partially  carried  out  due  to 
financial  support  from  RFBR  (Grant  02-03- 
32699). 


Fig. 2.  TEM  image  of  crystalline  carbon  nitride 
prepared  at  8.5  GPa  and  500  °C 


The  diffraction  patterns,  obtained  for  these 
crystallites,  were  indexed  to  the  reflections 
expected  for  the  cubic  C3N4  structure.  The  unit  cell 
size,  calculated  from  experimental  d-spacings  both 
in  ED  and  XRD,  was  found  to  be  within  5. 3-5. 4  A, 
which  is  in  reasonable  agreement  with  the 
theoretical  value  of  5.3973  A1’2. 

These  preliminary  experiments  helped  to 
evaluate  the  pressure/temperature  range  where  the 
structure  transformation  of  graphitic  carbon  nitride 
starts  to  occur  in  the  direction  of  crystalline  cubic 
phase. 
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OXYGEN  PACKING  IN  HIGH  PRESSURE  OXIDES  OF  W,  Ta,  Nb 

Filonenko  V.P..  Zibrov  I.P.(1) 

Institute  for  High  Pressure  Physics  RAS,  Troitsk,  Moscow  reg.,  Russia 
(1 '’institute  of  Crystallography  RAS,  Moscow,  Russia 


For  the  last  10  years  several  new  tungsten, 
tantalum,  niobium  oxides  were  synthesized  under 
high  pressure-high  temperature  conditions  [1-4]. 
Usually,  these  metals  in  oxides  have  coordination 
numbers  7  (pentagonal  bipyramid  -  PB)  and  6 
(octahedron  -O).  Andresen  [5]  has  proposed 
structure  model  of  a-U3Og  where  U  atoms  have 
coordination  number  7  (PB)  and  6  (O)  (Fig.l). 
Although  the  real  structure  of  a-U308  consists  only 
of  PB  (Loopstra  model  [6])  the  structure  of  such 
compounds  as  Nb307F(II)  [7],  Ta307F(II)  [8]  and 
high  pressure  phases  W308(I)  [1]  and  A-Ta205  [4] 
corresponds  to  the  Andresen  model. 

Recently,  high  pressure  modifications  Z-Me205 
(Me=Nb,  Ta  [2,3])  were  prepared  at  P>7.5GPa. 
These  phases  have  small  monoclinic  unit  cell 
(V-137  A3)  and  highest  among  niobium  and 
tantalum  pentoxides  density.  Detailed 
consideration  of  Andresen  and  Z  phases  show  that 
they  have  some  common  elements  of  the  structure. 
This  work  is  devoted  to  analysis  of  structural 
features  of  these  two  structure  types. 


Fig.l. 

The  structure  of  W308(I)  (Andresen  model).  The 
unit  cell  in  xy  plane  (z=0)  is  shown  (filled  circles 
correspond  to  oxygen  atoms).  Me  atoms  are 
situated  in  the  same  xy  plane  (z=0)  in  the  centers  of 
pentagons  (PB)  and  rectangles  (O). 

Obviously,  there  are  only  two  ways  to  realize 
stoichiometry  Me205  in  Andresen  unit  cell 
(stoichiometry  Me308): 


-  insertion  of  0.4  Ta  atom  per  unit  cell  in  the 
trigonal  prisms  (z=l/2)  from  the  oxygen  atoms 
(Mangles  on  Fig.l); 

-  partial  occupancy  of  the  oxygen  positions  (15 
oxygen  atoms  per  unit  cell  instead  16  ones)  like  it 
occurs  in  the  TT-  Me2Os  (Me=Nb,Ta)  [9]  which  is 
isostmctural  with  a-U03(hex.)  [10], 

Two  different  starting  materials  were  used  for  the 
synthesis  of  A-Ta205.  First  one  was  the  mixture  of 
L  and  FI  well  known  low  and  high  temperature 
Ta205  modifications  and  the  second  one  was  the 
low  hydrated  amorphous  tantalum  hydroxide  [11]. 
In  the  first  case  the  single  phase  sample  which  X- 
ray  pattern  corresponded  to  A-Ta205  was  obtained 
after  treatment  at  5.0  GPa,  1125°C  for  3  min.. 
However,  width  of  diffraction  peaks  was  very  high 
(FWHM  -0.5°)  what,  probably,  reflects  high  level 
of  defects  or  strength  in  material.  It  was  not 
possible  to  use  this  sample  in  structure  refinement. 
In  the  second  case  the  sample  was  treated  at  6.5 
GPa,  1 100°C  for  5  min.  and  had  good  peaks  shape 


Fig.2. 

The  structure  of  Z-Me205.  The  oxygen  (filled 
circles)  plane  xz  is  shown  (the  unit  cell  is  marked 
by  solid  line).  The  unit  cell  corresponding  to 
Andresen  phase  is  shown  by  dashed  line. 


467 


but  contained  except  A-Ta205  approximately  10- 
20%  of  hydroxide  Ta205x2/3H20  (the  structure  is 
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solved  and  will  be  published  soon)  and  TT-Ta:05. 
This  sample  was  used  in  Rietveld  refinement 
which  show  that  Ta  does  not  occupy  positions  in 
trigonal  prisms  of  Andresen  structure.  It  was  not 
possible  to  refine  occupancy  of  the  oxygen 
positions  because  of  multi-phasic  sample  but  this 
mechanism  looks  to  be  more  likely. 

In  the  high  pressure  phase  Z-Me205  (Me=Nb,  Ta 
[2,3])  Me  atoms  have  unusually  high  coordination 
number  8  (5  oxygen  atoms  in  one  plane,  3  atoms  in 
another  one  and  Me  in  between  these  planes).  It 
easily  can  be  seen  from  Fig.2  that  oxygen  packing 
is  the  same  (with  only  small  distortions)  as  in 
Andresen  phase  W3Og(I)  (Fig.  1 ).  The  structure  of 
Z  modification  is  built  up  from  the  identical 
oxygen  planes  xz  (Fig.2)  which  are  placed 
perpendicular  to  the  b  axis  and  shifted  in 
neighbouring  layers  on  'A  a  in  x  direction.  The 
similar  mechanism  of  phases  formation  is  realized 
between  a-  and  [3-U:,Os:  the  oxygen  planes  xy  in  [3- 
U30,3  [12]  are  the  same  as  shown  in  Fig.l,  but 
shifted  in  neighbouring  layers  on  ~  1/3 b  in  y 
direction.  The  relationship  between  unit  cell 
dimensions  of  Z-McyOj  and  a-U3Os  are  shown  on 
Fig.2:  the  a  and  c  axes  of  Z  phase  correspond  to 
the  half  of  the  unit  cell  diagonals  in  Ay  plane  of 
Andresen  structure.  The  packing  of  the  anion 
planes  in  two  different  structure  types  of  Z-Me205 
and  a-U3Os  are  very  close  to  each  other.  The 
principle  difference  is  only  in  Me  atoms  positions: 
in  Z  phase  cations  occupy  positions  between 
oxygen  planes  and  in  Andresen  phase  -  in  oxygen 
planes. 


So,  one  can  conclude  that  the  oxygen  packing 
described  above  is  stable  at  high  pressures  even  in 
case  of  formula  Me205  when  stoichiometry  of  the 
phase  does  not  fit  with  stoichiometry  of  the  basic 
unit  cell. 

This  research  was  done  partly  due  to  support  from 
RFI3R  (Grant  01-03-32457). 
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COMPARATIVE  ANALYSIS  OF  BRITTLENESS  OF  ANNEALED 
METALLIC  GLASS  BY  BOTH  MICROINDENTATION  AND  U  -  METHOD 

Ushakov  I.V..  Feodorov  V.A.,  Permyakova  I.J. 

Derzhavin  Tambov  State  University,  Tambov,  Russia 


INTRODUCTION 

Fabrication  and  application  of  metallic  glasses 
(MG)  is  of  particular  scientific  and  practical 
interest.  The  considerable  attention  focused  on 
MG  is  motivated  by  the  complex  unique  properties 
of  these  materials  [1-3]. 

One  of  the  negative  moments  in  application  of 
MG  exhibits  tendency  to  brittleness  accompanying 
thermal  treatment  [4,  5],  Thus  reception  of  an 
information  about  this  question  is  of  great 
significance. 

MATERIALS  AND  EXPERIMENTAL 
TECHNIQUE 

We  studied  an  82K3KhSR  metallic  glass  of  the 
composition  (wt  %)  83.7Co+3.7Fe+3.2Cr+9.4Si  in 
the  form  of  a  ribbon  30  pm  thick.  Prior  to 
experiments,  samples  (3x10  mm)  were  annealed  in 
a  furnace,  in  the  temperature  range  of  Tan- 538- 
1183K  and  held  at  a  specified  temperature  for  10 
min. 

The  character  of  deformation  and  fracture  of 
the  MG  were  investigated  by  U  -  method  and  by 
method  of  microindentation  of  the  MG  deposited 
on  a  substrate.  We  tested  15  samples  at  each 
temperature  for  statistics. 

In  the  traditional  U  -  method  we  estimated  the 
deformation  of  bend  s  at  which  take  place  brittle 
fracture  of  the  MG  [3]: 

£=h/(d-h)  (1) 

where  h  is  the  thickness  of  the  sample,  d  is  the 
distance  between  two  parallel  plate  of  the  specific 
designed  measuring  instrument  at  the  moment  of 
fracture. 

The  microindentation  of  the  MG  deposited  on 
substrate  (composite  with  microhardness  of:  1  * 
151  kG/xnm2;  2-16  kG/mm2;  3  <  10  kG/mm2, 
thickness  of  »  1  mm)  was  carried  out  on  a  PMT-3 
microhardness  gauge. 


EXPERIMENTAL  RESULTS  AND 
DISCUSSION 

a)  It  is  found  by  U-method: 

Dependence  of  the  deformation  of  bend  (Fig.  1) 

At  the  Tan< 628K  the  deformation  MG  proceed 
on  the  flatness  of  sliding.  The  fracture  is  not 
observed,  if  we  bring  bend  to  contact  of  ends  of 
sample. 

It  is  happened  thanks  to  the  plastic 
deformation,  which  display  in  rise  of  slip  bands. 


Fig.  1  Influence  of  thermal  treatment  on  the 
deformation  of  fracture  e  in  the  temperature  range  of 
7^=538-1 183K 

The  visible  loss  plasticity  starts  at  a  Tan& 628K 
accompanying  formation  main  crack  and  leading 
to  fracture  of  sample.  The  further  reduction  occurs 
with  beginning  crystallization  MG.  The  loss 
plasticity  lead  to  growth  brittleness 
correspondingly. 

At  a  Tan& 823K  conform  to  maximum 
brittleness  connect  with  transition  in  a 
submicrocrystallic  state.  This  temperature 
coincides  with  data  of  differential  scanning 
calorimetry  at  which  runs  crystallization  MG. 

b)  It  is  found  by  method  of  microindentation: 

The  critical  temperature  of  annealing  at  which 
emerges  of  cracking  formation  during  indentation. 
Tc  depends  for  material  of  substrate.  Tc  is  revealed 
on  elastic  substrate  better  than  on  the  hard  ones. 
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It  is  estimate  that  macropictures  of  destruction 
and  deformation  of  the  metallic  glass  after 
indentation  depends  from  properties  of  used 
substrate.  At  the  same  time,  the  experimentally 
established  critical  temperatures,  which 
correspond  to  ductile  -  brittle  transition,  are  near¬ 
by  for  all  substrates.  At  all  substrates  similar 
statistical  regularities  are  obtained. 

The  endurance  to  cracking  is  lowered 
exponentially  after  exceeding  Tc  and  reaches  the 
minimal  value  near  temperature  of  crystallisation 
(Fig.  2) 


Fig.  2.  Dependences  of  load  P  upon  indentation  on  the 
annealing  temperature  T,  for  probability  of  the  crack 
formation  W=l:  H-  substrate  Ne  1,  O  -  substrate  Ns  2, 
-  substrate  Ns  3. 

Substrate  Ns  1.  P0=106,8g  ±  14, 8g;  A=345,2g  ±  29, 5g; 
T0=475  K;  C=7,2  ±  2,4  K. 

Substrate  Ns  2.  P0=84,8g  ±  18, 9g;  A=271,6g  ±  23, 7g; 
T0=673  K;  C=49  ±  35,7  K. 

Substrate  Ns  3.  P0=72,lg  ±  3,9g;  A=408,8g  +  6,6g; 
T0=673  K;  C=3 1 ,3  ±  1 ,7  K  [6]. 

Thus,  the  brittleness  is  raised  exponentially 
after  exceeding  Tc  and  reaches  the  maximal  value 
near  temperature  of  crystallisation 


correspondingly.  These  results  tally  with 
analogous  results  of  U -  method. 

CONCLUSIONS 

A  change  the  brittleness  of  annealed  metallic 
glass  is  investigated  by  traditional  U -  method  and 
by  method  of  microindentation  on  polymer 
substrates.  The  satisfactory  concurrence  of  data  is 
found.  As  a  result,  the  data  of  U  -  method  and  data 
of  microindentation  may  be  united  and  may  be 
used  for  analysis  of  structure  and  mechanical 
properties  of  metallic  glass.  In  some  case  the 
method  of  microindentation  is  alternative  method 
for  research  mechanical  characterristic. 
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The  further  development  of  science  and  technol¬ 
ogy  at  its’  current  state  is  impossible  without  ce¬ 
ramic  materials  with  high-level  properties. 
Growth  of  ceramics  production  (annual  growth 
increase  in  absolute  terms  -  8,7%)  exceeds  that  of 
production  of  any  other  kind  of  materials.  Re¬ 
cently,  special  attention  was  paid  to  zirconium 
dioxide,  since  some  of  its’  properties  surpass 
those  of  other  materials.  Usually,  oxides  of  rare- 
earth  and  alkali-earth  metals  that  form  hard  solu¬ 
tions  with  Zr02  are  used  as  stabilizing  additives: 
MgO,  CaO,  Y203,  etc.  In  recent  years,  combined 
additives  of  stabilizing  oxides,  due  to  the  fact  that 
twin  phase  ceramics  has  increased  heat-resistance. 
Zr02  is  stabilized  with  a  combination  of  magne¬ 
sium  and  calcium  oxides  in  quantity  of  16-18 
mol  %. 

Economic  factors  have  come  to  dominate  the  de¬ 
velopment  and  application  of  new  materials,  set¬ 
ting  the  technical  ones  aside.  Industrial  production 
of  ceramics  usually  involves  costly  chemically 
pure  ingredients  and  stabilizing  elements.  The 
main  road  to  lowering  the  production  cost  of  ce¬ 
ramics,  therefore,  lays  through  the  exploration  of 
ways  of  applying  cheap,  multi-component  mineral 
raw  materials,  which  include  components  close  to 
those  used  as  stabilizers  in  ceramics  production. 

The  main  task  set  forth  for  this  study  was  the  pro¬ 
duction  of  ceramic  crucibles  used  for  casting 
metal  from  baddeleite  mineral  concentrate  (96% 
Zr02)  and  caoline  Al2(0H)4Si205  and  brusite 
Mg(OH)2  as  a  stabilizing  additive.  Another  pur¬ 
pose  was  to  research  physics-mechanical  and 
,  physics-chemical  properties  of  the  produced  ce¬ 
ramic  material.  Baddeleite,  mineral  and  natural 
magnesium  hydroxide  (brusite)  were  used  as  ini¬ 
tial  components  for  these  experiments.  The  charge 
of  initial  components  was  defined  using  the  dia¬ 
gram  of  Zr02-MgO  system  condition. 

Phase  composition  of  Zr02-based  material  was 
analyzed  in  correlation  with  the  amount  of  mag¬ 
nesium  oxide  additive  contained  in  the  charge:  9, 
17,  and  30  mol  %.  The  mix  of  baddeleite  concen¬ 
trate  and  magnesium  oxide  was  blended  and 
grinded  in  the  planetary  mill  “Sand”  for  the  dura¬ 


tion  of  one  hour.  The  produced  charge  was  then 
dried  and  synthesized  in  high-temperature  to  pro¬ 
duce  cubic  zirconium  dioxide.  The  powder  was 
classified  and  mixed  with  caoline  in  1:1  propor¬ 
tion,  after  which  it  was  cast  to  produce  ceramic 
crucibles.  Casting  forms  were  made  from  CaS04 
0,5  H20  gypsum.  After  the  dross  was  cast  into  the 
form  it  hardened  near  the  walls,  forming  the 
needed  product.  At  this  point  excess  dross  was 
poured  out  of  the  form,  while  the  semi-dry  cruci¬ 
ble  was  easily  extracted  and  dried  later  on.  Cruci¬ 
bles  were  dried  in  the  SNVE-type  furnace  with 
tungsten  heaters  in  vacuum  6,65  x  10'3  Pa  in  the 
temperature  interval  of  1400-1500°C.  Density  of 
the  produced  sample  was  measured  through  hy¬ 
drostatic  weighting.  DRON-3  M  defractometer 
was  used  for  the  x-ray  phase  analysis  of  powders 
and  polished  surface  of  the  produced  samples. 
Shape  and  dimensions  of  particles  of  zirconium 
dioxide  based  powders  were  evaluated  using 
JEOL  JSM-30M  scanning  electron  microscope. 
MBS-9  and  MIM-10  optical  microscopes  with 
zoom  x200  where  used  for  the  evaluation  of  an 
average  size  and  quantity  of  pores  on  the  polished 
surface  of  produced  samples. 


Fragility  level  was  calculated  based  on  Glazov- 
Vigdorovitch  method.  Total  fragility  mark  was:  Zp 
=  0  n0  +  1  ni  +  2  n2  +  3  n3  +  4  a,  +  5  n5,  where  no, 
m,  n2,  n3,  n4,  n5  -  relative  amount  of  prints  out  of 
the  total  amount  with  that  fragility  mark. 


Cracking  resistance  coefficient  (Kic)  for  the  pro¬ 
duced  ceramics  was  calculated  using  an  express- 
method  based  on  Evans  formula: 
K  lc  F 
MV  Jh 


=  0,15*  t- 


a ']  ‘  where 


HV 


k=3,2;  b  -  half  of  the  print’s  diagonal;  a  -  b  + 
length  of  the  crack  from  the  top  of  indentor  print. 


Stabilization  of  zirconium  dioxide  is  carried  out 
through  transforming  the  originally  monocline 
structure  into  a  cubic  one,  the  latter  being  stable  at 
work  temperatures,  due  to  the  forming  of  hard 
solutions  of  Zr4+  ion  substitution  by  the  stabi¬ 
lizer’s  ion.  The  correlation  of  ion  radiuses 
rk/ra=0,66  in  zirconium  dioxide  is  close  to  the  bor¬ 
der  between  anions  of  the  lattice  with  coordina- 


471 


II.  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 
========== _ NEW  LEVEL  OF  PROPERTIES 


tion  number  (c.n.)  of  8  and  6.  Large  dimensions  of 
zirconium  cation  (0,082  nm)  don’t  allow  oxygen 
ions  to  in  the  lattice  to  draw  close  enough  to  form 
an  eight  coordination.  Therefore,  Zr02  gives  an 
unusual  coordination  with  (c.n.)=7  and  one  of 
oxygen  atoms  ending  up  between  two  lattice 
points  AB:  A  -  eight  and  B  -  six  coordination.  At 
high  temperatures,  due  to  the  heat  movement  of 
anions  at  lattice  points,  Zr-0  bond  elongates, 
causing  an  oxygen  ion  to  shift  from  the  interpoint 
space  to  position  A  or  B  realizing  an  eight  coordi¬ 
nation  with  an  anion  vacancy.  Substitution  of  zir¬ 
conium  ions  by  ions  of  two  valency  metals  forms 
.one  oxygen  vacancy  for  every  substituted  zirco¬ 
nium  ion  or  one  vacancy  for  every  two  substituted 
ions  for  three  valency  metals.  Lattice  positions 
must  increase  their  dimensions  to  allow  for  Zr02 
crystallization  in  cubic  form,  this  can  be  achieved 
either  through  the  increase  of  an  average  ion  ra¬ 
dius  of  cations  by  substituting  zirconium  ions  with 
ions  with  high  radius  (Ce4+,  Th4+),  or  through  the 
creation  of  vacancies  in  the  oxygen  sublattice, 
which  occurs  when  Zr4h  ions  are  substituted  by 
ions  with  lesser  valency  (Mg2+,  Y3+,  etc.).  In  prac¬ 
tice,  hard  solutions  in  which  the  size  of  additive 
cation  exceeds  that  of  zirconium  by  10-20%  with 
a  lower  charge  (Y3\  Yb3+,  etc.)  tend  to  be  the 
most  stable. 

The  influence  of  a  brucite  additive  on  polymor¬ 
phic  transformations  of  zirconium  dioxide  can  be 
traced  using  the  RFA  data. 

Polymorphic  transformation  in  Zr02-MgO  begin 
at  the  temprature  of  1200°C,  although  according 
to  the  diagram  of  state  the  cubic  modification  of 
zirconium  dioxide  forms  only  at  1500°C.  The 
lower  temperature  of  Zr02cubc  forming  can  be  ex¬ 
plained  by  the  presence  of  admixtures  in  the  raw 
materials  used. 

According  to  the  evaluation  of  phase  composition, 
based  on  x-ray  phase  analysis  of  smelted  material 
with  magnesium  oxide  containment  of  30  mol  %: 

1400°C  -  58%,  Zr02  (tetragonal)  -  42%; 

-  1500°C  -  95%,  Zr02  (tetragonal)  -  5%; 

-  1600°C  -  100%. 

The  dross  casting  method  was  used  for  the  pro¬ 
duction  of  ceramic  crucibles,  which  are  generally 
used  in  dental  care.  High  quality  of  forming  can 
be  achieved  when  using  dross  with  high  fluidity, 
sedimentation  and  aggregate  stability,  share  of 
solid  phase,  and  so  on.  At  the  same  time  the  dross 
mustn’t  be  characterized  by  tixotropy  and  dila- 
tancy,  which  are  related  to  the  change  of  its’  vis¬ 


cosity  in  time.  The  dross’s  viscosity  must  be  kept 
to  the  minimum  possible  level,  which  can  ensure 
the  necessary  fluidity  for  the  quality  forming  of 
the  cast.  However,  high  concentrations  of  the 
solid  phase  in  the  dross  -  40-80%  of  the  mass  - 
surface  activity  and  interaction  of  dispersion  par¬ 
ticles,  and  an  inclination  to  form  structures  cause 
anomaly  viscosity  changes  (structural  viscosity). 
The  flow  in  such  systems  begins  only  with  they 
reach  a  certain  shift  stress.  As  the  shift’s  speed 
increases  the  values  of  viscosity  may  decrease 
(tixotropy)  or  increase  (dilatency).  These  phe¬ 
nomena  are  especially  evident  if  the  solid  phase 
has  high  dispersion.  In  practice,  the  optimal  vis¬ 
cosity  of  dross  is  selected  through  experiment, 
changing  humidity  and  pH  of  the  environment.  It 
is  normally  preferable  to  keep  the  viscosity  at  the 
lowest  possible  level.  Increase  of  the  dross’s  hu¬ 
midity  leads  to  a  significant  decrease  of  speed  at 
which  it  gains  mass,  time  needed  for  it  to  sit  in  the 
forms,  and  splitting.  Changes  of  the  environ¬ 
ment’s  pH  have  a  sharp  effect  on  the  dross’s  vis¬ 
cosity.  Minimal  viscosity  in  the  acidic  area  is 
noted  in  the  range  of  ph=l,5  -  2  and  alkaline  -  8- 
9.  This  work  uses  alkaline  dross  with  pH=9,  giv¬ 
ing  a  very  stable  suspension.  Fragility  of  the  mate¬ 
rial  was  tested  on  the  samples  of  ceramics  from 
cubic  zirconium  dioxide  and  Veskaprima  gypsum. 
Fragility  value,  which  shows  the  character  of 
fragile  destruction  and  speed  of  its’  increase  with 
the  increase  of  stress,  is  a  product  of  the  total  fra¬ 
gility  mark  and  the  value  of  stress  derivative:, 


This  value  shows  that  the  produced  ceramics  is 
relatively  fragile,  yp<l.  Cracking  resistance  coef¬ 
ficient  of  the  produced  ceramics  Klc"2,55MPa  x 
m1/2,  microhardness  Hp=8,7-1  l,4GPa,  average 
size  of  zirconium  dioxide  grain  -  15  micron. 
Medical  crucibles  produced  using  this  material 
have  survived  15  casts  and  were  ready  for  future 
use. 

« 

The  following  studies  have  been  performed  in  the 
course  of  the  described  work:  polymorphic  trans¬ 
formations  in  the  temperature  range  of  1000- 
1700°C  of  brusite  based  zirconium  dioxide;  con¬ 
ducted  research  has  allowed  to  select  a  stabilizing 
combined  additive  based  on  a  natural  magnesium 
hydroxide,  which  permits  to  decrease  the  tem¬ 
perature  of  the  beginning  of  forming  of  cubic  zir¬ 
conium  dioxide;  partially  stabilized  zirconium 
dioxide  with  the  following  combination  of  com¬ 
ponents  -  Zr02  (cubic)  58%,  Zr02  (tetragonal) 
42%. 


472 


II  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 

NEW  LEVEL  OF  PROPERTIES  _ =======__ 


PRINCIPLES  FOR  CREATION  OF  NEW  ADVANCED  HIGH-STRENGTH 
CAST  EUTECTIC  ALUMINUM  ALLOYS 

Barabash  O.M.,  Milman  Y.V.(1),  Korehova  N.P.^  Legkaya  T.N.,  Podrezov  Y.N.(1), 
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The  technical  progress  is  impossible  without 
creating  new  materials  that  satisfied  tne  increased 
demands.  It  also  concerns  the  materials  produced 
by  traditional  techniques,  e.g.  cast  aluminum  alloys 
that  in  large  amounts  are  claimed  in  automotive, 
aircraft  and  shipbuilding  industries. 

Traditionally  cast  aluminum  alloys  are  eutectic 
ones,  whose  structure  and  phase  composition  is 
formed  immediately  during  crystallization.  Phase 
constituents  of  these  alloys,  possessing  high 
thennal  stability,  are  close  to  the  thermodynamic 
equilibrium.  In  addition,  the  presence  of  the 
eutectic  results  in  improved  castability.  However, 
the  resource  to  improve  properties  of  existing 
alloys,  including  high-temperature  strength,  which 
is  directly  bound  with  their  melting  temperature,  at 
present,  is  practically  exhausted.  A  complex 
alloying  of  these  alloys,  as  a  rule,  gives  rise  to 
decreasing  the  volume  fraction  of  the  eutectic 
constituent,  to  widening  the  temperature  range  of 
melting  and  consequently  to  a  loss  of  castability. 

The  present  work  proposes  scientific  principles 
for  designing  new  cast  aluminum  alloys,  based  on 
proper  theoretical  and  experimental  developments 
of  authors  in  the  field  of  phase  equilibrium  of 
multicomponent  systems  [1-4].  Basing  on  these 
principles,  new  eutectic  alloys  were  obtained. 

To  design  new  modem  materials  it  is  necessary 
to  choose  the  base  systems  of  alloys  with  high 
eutectic  temperature,  small  temperature  interval  of 
melting,  as  well  as  with  significant  volume 
concentration  of  the  second  phase  in  the  eutectic 
and  with  the  phase  composition  that  is  stable  with 
respect  to  additional  doping. 

The  analysis  of  phase  composition  and 
properties  of  modem  cast  aluminum  alloys  allows 
to  make  a  conclusion,  that  a  considerable 
improvement  of  their  properties  (first  of  all  the 
increase  of  the  operating  temperature)  can  be 
achieved  by  using  ternary  and  more  complicated 
systems,  characterized  by  the  existence  of  the 
quasi-binary  phase  equilibrium  of  aluminum  solid 
solutions  with  high  temperature  intermctallic 
phases.  In  the  multicomponent  system  representing 
real  alloys,  the  eutectic  transformation  covers  a 
considerable  area  of  concentrations  and  occurs  in  a 


range  of  temperatures.  Potentially  useful  eutectic 
alloys  should  possess  both  the  highest  melting 
temperature  and  the  lowest  melting  range. 
Therefore,  the  search  for  such  eutectic  alloys  in  the 
complex  systems  is  a  difficult  and  labour¬ 
consuming  task. 

The  most  perspective  for  designing  of  advanced 
materials  are  the  systems,  which  are  similar  to  the 
systems  of  the  third  type  of  phase  diagram  (the 
classification  proposed  in  the  work  [5]).  An 
intrinsic  property  of  such  systems  is  the  limited 
mutual  solubility  of  their  components  and  phases, 
as  well  as  steady  equilibrium  between  the  metal 
and  the  strengthening  phase.  A  peculiarity  inherent 
to  these  systems  is  the  existence  of  quasi-binary 
sections  [6],  which  do  not  coincide  with  the 
stoichiometric  section  “metal  -  strengthening 
phase”  of  the  ternary  diagram.  The  alloys  settled 
on  the  quasi-binary  section  have  in  cast  condition  a 
fine  eutectic  structure,  in  which  hard  and  more 
refractory  intermetallic  phase  is  combined  with  the 
more  plastic  matrix  [2],  These  requirements  are 
satisfied  in  the  ternary  system  Al-Mg-Si,  where  the 
eutectic  transformation  LQa-Al+Mg2Si  does  exist 
[3,  4,  7,  8], 

A  complex  investigation  of  alloys  of  this 
system,  completed  with  thermodynamic 
calculations  [3],  allows  us  to  plot  the  fusion 
diagram  in  the  aluminum  angle  of  the  ternary  Al- 
Mg-Si  system. 

A  distinctive  feature  of  the  ternary  system 
Al-Mg-Si  is  a  shift  of  both  the  quasi-binary  section 
and  the  area  of  two-phase  alloys  to  the  magnesium 
rich  region.  This  creates  premises  to  regulate  in  a 
wide  range  (0.2-6  at.  %)  the  magnesium  content 
in  the  matrix  of  eutectic  alloys,  retaining 
simultaneously  their  phase  composition  and 
structure.  In  turn,  it  creates  a  possibility  to  develop 
a  principally  new  system  of  alloying  these  alloys. 

To  ensure  high  level  of  physical  and 
mechanical  properties  at  room  and  elevated 
temperatures,  different  systems  of  coherent 
particles  in  the  matrix  of  eutectic  a-Al+Mg2Si 
alloys  can  be  created  in  the  selected  system  of 
alloys.  Note  that  such  particles  should  not  interact 
with  eutectic  colonies.  This  guarantees  a  stability 


473 


II.  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES: 
- —  NEW  LEVEL  OF  PROPERTIES 


POSSIBILITIES  OF  OBTAINING 


of  strength  of  the  eutectic  composite  at  elevated 
temperatures.  In  addition,  tine  quasi-binary  eutectic 
ti  an s formation  in  alloys  ensures  the  retaining  of 
necessary  phase  composition  of  the  material 
directly  in  crystallization  process. 

The  pioposed  approach  is  realized  in  designing 
new  cast  a-Al-MgiSi  eutectic  alloys  of  Al-Mg-Si 
ternary  system.  Typical  microstructures  of  these 
alloys  before  and  after  alloying  are  shown  in 
Fig.  1.  By  means  of  additional  alloying  all 
mechanisms  of  hardening  (composite,  solid 
solution  and  precipitation)  are  realized.  Such  an 
approach  provides  a  substantial  increase  of 
operational  characteristics  (strength,  wear  and 
corrosion  resistance)  of  materials  both  at  room  and 
elevated  temperatures  (Fig.  2). 


Conclusions 

There  is  proposed  a  new  approach  to  design 
cast  aluminum  alloys,  based  on  using  ternary  and 
more  complicated  phase  diagrams,  containing 
eutectic  quasi-binary  sections  of  aluminium  and 
intermetallic  phases  and  detailed  investigation  of 
the  topology  of  the  corresponding  fusion  diagrams. 
The  creation  of  different  systems  of  particles, 


coherent  to  the  matrix  and  non-interacting  with 
eutectic  colonies,  allows  to  improve  the  level  of 
mechanical  properties  and  to  widen  the 
tempeialurc  range  of  alloys  usage.  The  complex 
alloying  by  transition  and  rare  earth  metals  should 
not  change  phase  composition  and  structure  of 
basic  alloys. 


Fig.  2.  Temperature  dependence  of  the  yield  stress 
in  tensile  test  of  the  multicomponent  eutectic  (a- 
Al+MgjSi)  alloys  and  commercial  [9]  cast 
alloy  356.0. 
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REFRACTORY  PERMEABLE  THERMAL  INSULATION:  PRODUCTION 

AND  APPLICATION 

Gorin  A.I. 

Keldysh  Research  Center,  Moscow,  Russia 


Dispersed  layers  of  refractory  foams  or  fibers, 
formed  by  carbon,  ceramics  or  metals,  find 
widespread  adoption  as  high-temperature 
thermal  insulation.  Natural  areas  of  their  ap¬ 
plication  are  energetic  and  aerospace  systems 
using  high  temperatures,  which  level  has  the 
direct  impact  on  systems  effectiveness.  Ther¬ 
mal  insulation  protects  metallic  walls  from  hot 
gas  streams  on  the  outside  and  on  the  inside 
surfaces  of  aerospace  and  energetic  devices  re¬ 
spectively.  Essential  aspect  of  the  similar  ap¬ 
plications  is  permeability  of  insulating  layer 
and  possibility  of  gas  flowing  inside  it. 

The  analysis  is  made  showing  the  necessity 
and  usefulness  of  reducing  the  diameters  of  in¬ 


sulation  fibers.  The  level  5-7  mkm  was 
achieved  experimentally.  High  performance 
parameters  were  obtained  due  to  growing  of 
the  layer  with  enhanced  density  on  the  surface 
of  insulating  rings  dividing  the  inner  fibrous 
region  from  the  main  gas  stream.  Require¬ 
ments  to  permeability  of  the  surface  layer  are 
analyzed. 

The  experience  is  reported  in  design  optimiza¬ 
tion  and  practical  application  of  fibrous  car¬ 
bide  insulating  material  on  the  inner  surface  of 
rather  heavy  duty  canals  with  the  working 
temperature  -  3000  K,  pressure  -  up  to  5  MPa, 
and  mass-flow  density  -  above  450  kg/m2c. 
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NEW  EUTECTIC  MATERIALS  OF  THE  TERNARY  SYSTEM  Al-Ti-Cr 
BASED  ON  THE  INTERMETALLIC  Al3Til  xCrx 

Barabash  O.M.,  Milman  Y.V.(1),  Miracle  D.B.(2),  Karpets  M.V.(1),  Korzhova  N.P.(1), 
Legkava  T.N.,  Mordovets  N.M.(1),  Podrezov  Y.N.(I),  Voskoboinik  I.V.(1),  Voynash  V.Z. 

G.V.  Kurdyumov  Institute  of  Metal  Physics  of  NAS  of  Ukraine,  Kiev,  Ukraine 
‘i.N.  Frantsevich  Institute  for  Problems  of  Materials  Science  of  NAS  of  Ukraine,  Kiev,  Ukraine 
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Nowadays  structure  as  well  as  physical  and 
mechanical  properties  of  A13Ti,_xCrx-based  alloys 
having  Ll2  crystalline  structure  are  extensively 
investigated  [1-3].  High  melting  temperature, 
elastic  modulus,  low  density  and  increased 
oxidation  resistance  make  this  intermelallic  to  be 
promising  as  a  basis  for  the  elaboration  of  new 
high  modulus  heat-resistant  materials.  However, 
the  cubic  crystalline  structure  LL,  forming  by  the 
addition  of  chromium  to  the  intermetallic,  does  not 
ensure  a  sufficient  enhancement  of  its  plasticity  [4- 
5].  There  are  some  other  ways  of  increasing 
intermetallics  plasticity.  For  example,  it  can  be 
achieved  by  the  increase  of  structure  dispersivity 
or  by  the  creation  of  two-phase  lamellar  structure 
formed  by  alternate  layers  of  phases  having 
different  properties  [6-7], 

The  perfect  dispersed  two-phase  structure, 
stable  at  high  temperatures  and  having  minimal 
stresses  in  phase  boundaries  can  be  formed  also  by 
eutectic  crystallization.  Such  alloys  have  high 
caslability  and  form  dense  ingots  with  minimal 
number  of  pores  at  crystallization. 

The  search  of  eutectic  alloys  in  the  ternary 
system  Al-Ti-Cr  containing  LL  intermetallic,  the 
examination  of  features  of  two-phase  eutectic 
structure  formation  along  with  its  effect  on 
physical  and  mechanical  properties  of  alloys  were 
the  purpose  of  this  work. 

The  concentration  region  of  existing  two-phase 
(after  crystallization)  eutectic  (LL+P)  alloys  was 
defined  by  using  of  microstructural,  thermal  and 
X-ray  phase  analysis  it  appeared  to  be  rather  wide. 
Both  LI 2  and  [3  phases  have  a  cubic  crystalline 
lattice.  They  are  chromium-doped  intermetallic 
AFTi,.xCrx  (LL  phase)  and  solid  solution  of 
titanium  and  aluminium  in  chromium  (P-phase). 
The  maximum  temperature  of  melting  completion 
of  the  uni  variant  eutectic  (LL+P)  is  1275  °C  (the 
melting  range  being  10  °C)  and  decreases 
monotonically  with  decreasing  titanium  content  in 
the  alloys.  It  was  found  that  the  width  of  the  two- 
phase  region  reduces  with  temperature  decreasing. 
This  promotes  the  appearance  of  the  third  phases 


(AlTiCr  and  AlCr2)  in  the  alloys  after  their  cooling 
with  low  rates. 

Structure  and  mechanical  properties  of  cast 
alloys  pertaining  to  the  two-phase  region  (Ll2+P) 
are  shown  in  Fig.  1. 


Fig.  1.  Microstaicture  (a)  and  mechanical 
properties  in  compression  tests  (b)  of  as-cast 
eutectic  (Ll2+P)  alloys  of  the  ternary  Al-Ti-Cr 
system. 

One  can  see  that  both  faceted  primary  Ll2- 
phase  crystals  and  binary  eutectic  (Ll2+P)  are 
present  in  hypoeutectic  alloys.  Eutectic 
morphology,  belonging  to  a  lamellar-rod  type,  is 
complicated:  fibers  and  plates  of  the  P-phase  are 
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distributed  in  the  Ll2  matrix  of  the  alloy  (Fig.  1  a). 
The  increasing  of  (3-phase  fraction  results  in  the 
change  of  the  structure  from  hypoeutectic  to 
hypereutectic. 

Mechanical  properties  of  the  alloys  with 
different  volume  part  of  eutectic  were  investigated 
in  compression  and  bending.  Room  and  high 
temperature  hardness  were  also  measured.  It  is 
established  that  the  appearance  of  the  eutectic  in 
alloy  structure  results  in  the  increase  of  its 
plasticity  (Fig.  1  b).  Thus,  hypoeutectic  (Ll2+(3) 
alloys  have  the  value  of  the  parameter  s  in 
compression  in  the  range  of  (11-20.5)  %  versus 
7  %  for  the  single-phase  intermetallic  Ll2 
(Al63Ti26Crn).  At  the  same  time  the  fracture  mode 
is  changed  from  totally  transgranular  in  the  Re¬ 
structure  alloy  (Fig.  2  a)  to  cleavage  with 
relaxation  in  the  eutectic  alloy  (Fig.  2  c).  The 
same  effects  were  observed  on  the  lateral  surface 
of  specimens:  in  the  single-phase  alloy  there  are 
visible  cracks  (Fig.  2  b)  of  the  size  comparable 
with  the  grain  size;  in  the  second  alloy  there 
appeared  small  cracks  hampered  by  structural 
elements  of  the  eutectic  alloy  (Fig.  2  d). 

The  change  of  hardness  and  compression 
strength  characteristics  within  the  hypoeutectic 
two-phase  range  has  a  common  fonn:  the  larger  is 
the  amount  of  the  reinforcing  |3-phase,  the  higher 
are  these  characteristics;  at  the  same  time,  the 
concentration  dependence  of  plasticity  is  non- 
monotonous  with  a  maximum  in  the  hypoeutectic 
range  not  far  from  the  eutectic  composition 
(Fig.  1  b). 

Hot  hardness  of  the  investigated  alloys 
depends  very  weakly  on  the  temperature:  over  a 
temperature  range  of  20-800  °C  it  is  not  less  than 
3.1  GPa. 

Conclusion 

Thus,  the  elaboration  of  eutectic  composites, 
containing  Ll2  intermetallic  and  (3-phase  allows  to 
obtain  a  significant  increase  of  strength  and 
plasticity  characteristics  retaining  at  the  same  time 
high  elasticity  modulus  value.  For  instance,  such 
eutectic  alloys  have  a  high  level  of  mechanical 
properties:  Young’s  modulus  up  to  190  GPa, 
compressive  and  bending  strength  up  to  2000  MPa 
and  600  MPa,  respectively,  plasticity  in 
compression  up  to  20.5  %.  The  eutectic  character 
of  the  alloys  ensures  their  high  cast  properties, 
while  high  melting  temperature  of  the  eutectic  (up 
to  1275  °C)  allows  increased  high  temperature 
properties  to  be  anticipated. 


Fig.  2.  Fracture  (a,  c)  and  lateral  (b,  d)  surface  of 
the  samples  after  compression  test:  single  phase 
alloy  Ll2  (a,  b) ;  hypoeutectic  alloy  (c,  d). 
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HOT  DEFORMATION  OF  HOT-RESISTANCE  SILICIDE-HARDENED 

TITANIUM-BASED  ALLOY 


Kuzmenko  N.N..  Kulak  L.D.,  Baglyuk  G.A. 

Frantsevich  Institute  for  Problems  of  Materials 


High  alloy  titanium  alloys  arc  susceptible  to 
liquation  processes,  which  hampers  essentially  the 
possibilities  of  their  presswork.  This  is  due  to 
sharp  decrease  of  technological  plasticity  of  the 
alloys,  high  resistance  to,  and  narrow  temperature 
range  of,  the  deformation.  Depending  on  a  number 
and  orientation  of  defects,  being  in  the  alloys, 
local  stresses  are  increased  sometimes  by  5-10 
times  [1],  Additional  source  of  the  internal  stresses 
is  interaction  between  constituent  phases  having 
different  plastic  properties  due  to  differences  in 
composition  and  structure.  Besides,  low  heat 
conductivity  of  titanium  alloys  increases 
nonhomogeneity  of  temperature  field  of  ingot, 
increasing  simultaneously  non-homogeneity  of 
metal  flow  and  resulting  in  possibility  of  the 
surface  and  internal  material  defects  formation 
(micro-  and  macro-cracks). 

Therefore,  in  order  to  determine  optimal 
thcrmomechanical  regime  of  deformation,  the 
mean  values  of  limit  deformation  powers  of  ingots 
at  different  temperatures  as  well  as  the  influence 
of  ingot  deformation  power  on  basic  structural  and 
mechanical  properties  of  the  material  should  be 
determined. 

The  present  work  deals  with  tests  of  deformability 
characteristics  of  the  alloy  in  conditions  of  free 
high  temperature  shrinkage  on  smooth  panes. 
Investigation  of  plastisity  under  free  shrinkage  was 
earned  out  using  cylindrical  specimens  with  a 
diameter  of  25  mm  and  a  length  of  30  mm.  The 
specimens  were  obtained  by  plasma-arc  remelting 
from  material  of  the  following  composition:  Ti- 
basis,  A1  -3,0%,  Si-4, 1%,  Zr-5,0%  (wt.  %). 
Heating  of  ingots  were  made  in  electric  resistance 
furnace  up  to  temperatures  85O-12(X)0c  for  10 
min.  Ingot  shrinkage  was  carried  out  using 
polished  smooth  panes  slurried  with  mix  of  engine 
oil  and  graphite.  The  shrinkage  was  made  during 
one  stroke  of  crank  press  with  stepped  increasing 
power  of  axis  deformation  up  to  arising  first 
cracks  on  forging  lateral  surfaces. 


Science  of  NAS  of  Ukraine,  Kiev,  Ukraine 

Investigation  of  dependence  of  maximum 
compression  on  deformation  temperature  has 
shown  an  increase  of  mean  limit  deformation  at 
heating  temperature  increase.  For  example,  at 
temperature  850^C  maximum  deformation  power 
does  not  succeed  35%.  Increase  of  deformation 
power  promotes  failure  of  specimen  lateral 
surface. 


Fig.l  Specimen,  having  traces  of  lateral  surface 
fracture  (e=50%,  T=900°C). 

The  ingots,  heated  to  temperatures  1 000-1 200^C, 
was  deformed  already  to  deformation  power  more 
than  60%  without  any  evidence  of  failure,  which  is 
a  result  of  appropriate  technological  plasticity  of 
the  materia]  in  this  temperature  range. 

Analysis  of  shape  formation  process  under 
shrinkage  shows  that  deformation  power  up  to  15- 
20%  corresponds  to  relatively  homogeneous 
deformation  in  conditions  of  uniaxial  compression 
due  to  weak  influence  of  contact  friction  stresses. 
Increase  of  compression  results  in  change  of  stress 
state  when,  along  with  axis  compressive  stresses, 
marked  radial  and  tangential  tensile  stresses  are 
acting.  The  process  is  accompanied  by  increase  of 
deformation  nonhomogeneity,  resulting  in  tubby- 
shaped  specimen,  being  typical  for  conditions  of 
shrinkage  with  friction. 
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It  is  of  very  interest  to  obtain  dependence  of  main 
mechanical  properties  of  hot-deformed  materials 
on  ingots  heating  temperature  and  on  axis 
deformation  power.  It  follows  from  Fig....,  that 
dependence  of  the  material  yield  stress  on 
deformation  power  in  temperature  range  850- 
IIOOOC  is  different  essentially  compared  with 
such  dependence  at  stamp  temperature  of  1200®C. 
At  heating  ingots  to  850-1 lOO^C  dependence  of 
yield  stress  of  deformed  materials  on  deformation 
power  is  nonmonotonous.  One  can  see  that 
increase  of  defonnation  power  up  to  30%  results 
in  increase  of  strength  of  deformed  materials  for 
all  temperatures  within  temperature  range  850- 
llOO^C;  at  the  same  time,  further  increase  of  sz 
under  shrinkage  promotes  marked  strength 
decrease  (Figure  1). 


Figure2.  Temperature  dependence  of  yield  stress 
on  defonnation  power  in  compressive  tests. 

Increase  of  material  resistance  to  deformation  at 
increasing  sz  on  initial  deformation  stages  is  due 
to  effect  of  increase  of  internal  energy 
accumulated  in  the  material.  The  effect  arises  due 
to  enhancement  of  density  of  dislocations,  being 


stable  at  given  temperature.  Increase  of 
deformation  power  in  conditions  of  dynamic 
loading  promotes  annihilation  of  a  part  of  defects, 
being  formed.  The  process  is  accompanied  by  heat 
energy  extraction.  Therefore,  defonnation  power 
increase  gives  rise  to  increase  of  defects  density, 
increase  of  probability  of  the  different  sign  defects 
to  be  met  and  annihilated.  Then,  the  most  fraction 
of  crystalline  disturbances  disappears  in  the  course 
of  defonnation  [2],  which  predetermines  in  large 
extent  the  decrease  of  G().2  under  increased 
deformation  powers. 

Softening  effect  is  also  due  to  intensification  of 
process  of  crack  fonnation  under  high  deformation 
powers.  This  is  due  to  the  fact  that  defonnation 
conditions  promotes  numerous  structural  non¬ 
homogeneities.  The  effect  is  a  sequence  of  many 
reasons.  Firstly,  cooling  conditions  result  in 
difference  of  plastic  flow  in  near-surface  layers 
and  in  the  bulk  of  deformed  ingot.  Essential  at  that 
is  (i)  the  influence  of  both  contact  friction  forces 
and  various  conditions  of  local  plastic  flow  in 
different  micro-volumes  of  the  ingot,  arising  from 
high  alloying,  (ii)  occurrence  of  considerable 
amount  of  eutectic  component  and  so  on. 

The  change  of  above  regularity  at  heating  to  stamp 
temperature  1200^0  seems  to  be  due  to  more 
complete  process  of  dynamic  recrystallization  in 
deformed  material. 
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RECEIVED  BY  THE  METHOD  OF  ELECTRON  BEAM  ZONED 

SINTERING 
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Reception  of  qualitative  products  from  the 
composites  consisting  of  components  with  sharply 
distinguished  density  and  ultrahigh  (over  30  %  a 
mass.)  the  maintenance  of  the  sheaf,  existing 
methods  in  terrestrial  conditions  it  is  problematic 
because  of  influence  gravitational  a  liquation. 

For  reception  of  a  non-porous  condition  of  a 
material  at  sintering  it  is  necessary  to  raise 
temperature  of  heating  to  reception  of  a  liquid 
condition  of  a  sheaf  (liquid  phase  sintering).  At 
occurrence  of  a  liquid  phase  the  product  from  such 
materia],  owing  to  absence  in  it  of  a  rigid  skeleton, 
loses  the  form,  and  in  the  material  the  liquation  - 
non-uniform  distribution  of  the  filler  and  a  sheaf  is 
observed. 

The  researches  carried  out  by  us  have  shown,  that 
at  liquid  phase  sintering  in  vertical  position  in  the 
furnace  with  rational  heating  samples  from 
composites  of  55  %  WC  +  and  45  %  WC+55  of  % 
Ni  (VN55)  non-uniformity  of  distribution  of 
components  on  length  of  a  sample  reaches  45  %  Ni 
(VN45)  up  to  9  %,  and  value  of  hardness  in  the  top 
part  of  a  sample  differs  from  values  its  bottom  part 
in  2,6  times. 

The  analysis  of  references  has  shown  what  to 
exclude  or  reduce  influence  a  liquation  at  reception 
of  such  alloys  in  terrestrial  conditions  probably  at 
zoned  sintering  [1],  Due  to  zoned  heating  of 
products  during  sintering  begins  possible  to  receive 
a  material  about  much  smaller  liquation  in 
comparison  with  existing  technological  methods  of 
reception  of  similar  alloys.  At  zoned  sintering  there 
is  an  opportunity  to  exclude  pollution  of  samples 
during  sintering  -  them  is  possible  sinter  in  non- 
crucible  variant. 

The  method  of  electron  beam  zoned  sintering  by  us 
received  samples  from  composites  VN45  and 
VN55. 


The  sizes  of  samples  were  same,  as  well  as  at 
radiating  sintering. 

Zoned  sintering  of  samples  earned  out  in  vertical 
position  in  installation  of  electron  beam  zoned 
sintering  "Ray  -  1".  In  samples  sintered  by  such 
method  the  liquation  also  was  observed.  However 
a  difference  in  the  maintenance  of  components  in 
the  top  and  bottom  parts  of  samples  and  hardness 
were  much  less.  The  maintenance(contents)  of 
tungsten  in  samples  from  alloy  VN45  on  height 
equal  40  mm  changed  from  55,6  up  to  56  %  a 
mass.,  and  on  section  of  a  sample  (d  10  mm) 
percentage  W  changed  from  55,5  up  to  55,8  %  a 
mass.,  i.e.  maximum  deviation  has  made  0,4  %. 
Value  of  hardness  (HV)  changed  from  4,1  up  to 
4,5  GPa,  the  deviation  is  within  the  limits  of  a 
mistake  of  experiment  (+0,2  GPa).  In  samples 
from  alloy  VN55  the  maintenance  of  tungsten  on 
height  changed  from  44,8  up  to  45,2  %  a  mass., 
and  on  section  from  45  up  to  45,4  %  a  mass.  Value 
of  hardness  changed  from  2,9  up  to  3,2  GPa. 

On  pic.  1,2,  for  presentation,  results  of  distribution 
of  nickel,  tungsten  and  hardness  on  length  of 
samples  of  alloys  VN45  and  VN55,  received  are 
combined  by  a  method  of  radiating  liquid  phase 
and  zoned  electron  beam  liquid  phase  sintering. 


Picture  1 .  Distribution  of  nickel,  tungsten  and 
hardness  on  length  of  a  sample  of  alloy  VN45 
—  sintered  in  vertical  position  in  the  furnace 
with  radiating  heating; 

. .  electron  beam  zoned  sintering  sintered  on 

installation. 
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W,  %  Ni,  %  HV,  GPa 


top  Length  of  a  sample,  mm  a  bottom 

Picture  2.  Distribution  of  nickel,  tungsten  and 
hardness  on  length  of  a  sample  glory  VN55 
—  _  sintered  in  vertical  position  in  the  furnace 
with  radiating  heating; 

—  electron  beam  zoned  sintering  sintered  on 
installation. 

At  definition  of  structural  characteristics  of  the 
alloys  received  by  a  method  of  electronic-beam 
zoned  sintering,  it  is  established  insignificant  (on 
the  average  1 1  %)  medium-sized  growth  of  a  grain 
of  a  carbide  of  tungsten,  pic  3. 


Picture  3  -  Photos  of  microgrinds  of  composites 
VN45  (a)  and  VN55  (b),  received  by  a  method  of 
electron  beam  zoned  sintering  on  installation 
"RAY  -  1".  A  white  phase  -  WC,  a  black  phase  - 
Ni.  (a  raster  electronic  microscope  "Cam  Scan  -4D 
",  increase  X3060,  integration) 


In  initial  powders  of  researched  alloys  the  quantity 
of  grains  WC  with  the  sizes  from  2  up  to  8  microns 
made  56  %  of  alloy  VN45  and  74  %  (for  alloy 
VN55).  In  sintered  alloys  the  quantityof  grains  WC 
with  the  sizes  from  2  up  to  8  microns  made  60  % 
in  alloy  VN45  and  80  %  in  alloy  VN55. 

Thus,  the  carried  out  researches  have  allowed  to 
establish,  that  a  method  of  electron  beam  zoned 
sintering  it  is  possible  to  receive  more 
homogeneous,  than  at  radiating  liquid  phase 
sintering.  In  the  alloys  received  by  such  method 
the  difference  in  the  maintenance  of  making 
components  in  the  top  and  bottom  parts  of  samples 
has  considerably  decreased.  Thus  insignificant 
medium-sized  growth  of  a  grain  of  a  carbide 
component  is  observed.  However  completely  to 
exclude  a  liquation  in  such  composites,  it  is 
obvious,  possible  only  in  conditions  of 
microgravitation  of  the  space  flying  device  with 
use  of  zoned  sintering. 

The  literature: 

1.  Bondarenko  V.P.,  Halepa  A.P.  Zon's  sintering  of 
composite  materials  inclined  a  gravitational 
liquation  a  carbide  tungsten  -  nickel.  II 
international  conference  "  Welding  and  related 
technologies  -  in  XXI  century  "  (November, 
1998y.,  Kiev):  -Kiev:  an  IEW  by  E.O.Paton, 
1998. -C. 16-17. 
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EFFECT  OF  ZIRCONIA(+CaO)  CONTENT  AND  SINTERING  TIME  ON 
DEN SIFIC ATION  AND  MECHANICAL  STRENGTH  OF  ALUMINA- 

ZIRCONIA  COMPOSITE 

Gavriliu  G..  Diaconescu  M.,  Tardei  C. 

Advanced  Research  Institute  for  Electrical  Engineering,  Bucharest,  Romania 


As  we  know  both  the  quality  of  raw  materials  and 
the  processing  way  to  the  elaboration  of  a 
composite  are  essential  for  the  quality  of  the 
resulted  material. 

For  this  study  the  ceramic  matrix  composite  in  the 
A1203  -  Zr02(+CaO)  system  was  taken  into 
consideration.  First  zirconia  and  CaO  (10  mol.%) 
were  homogenized  and  calcined  and  then  this 
mixture  (in  wt.%)  was  homogenized  and  calcined 
together  with  alumina.  The  composition  of  the 
chosen  materials  is  given  in  Table  1 . 


porosity,  and  in  Fig. 3,  on  bending  strength, 
respectively. 


5  oC/mln,  1  h 
.  5  oC/min,  5  h 
5  oC/min,  10  h 
.  1  oC/min,  1  h 
1  oC/min.  5  h 
1  oCtotln,  10  h 


k 

■in 

m 

#  : 

Si 


Table  1.  Composition  of  the  elaborated  materials 


No 

Recipe 

Composition 

(wt.%) 

code 

Alumina 

Zirconia 

(+  10  mol.%  CaO) 

1 

A 

100 

- 

2 

AZC2 

80 

20 

3 

AZC4 

60 

40 

4 

AZC5 

50 

50 

5 

AZC6 

40 

60 

6 

AZC8 

20 

80 

7 

ZC 

- 

100 

From  the  resulted  powders  were  made  samples  by 
dry  pressing  and  sintering  in  air  at  1700  °C  and 
different  heating  rate  and  sintering  times. 

The  average  values  of  the  experimental  results  are 
shown  in  Fig.l,  on  bulk  density,  in  Fig.2,  on  open 


.  5  oC/min,  1  h 
5  oC/min,  5  h 
5  oC/min.  10  h 
1  oC/min.  1  h 
.  1  oC/min,  5  h 
1  oC/min,  10  h 


\\\j 


10  20  30  40  50  60  70  60 

ZirconlaI+10  mol.%  CaO]  content  (wt.%) 


Fig.2.  Effect  of  zirconia(+CaO)  content,  heating  rate, 
and  sintering  time  on  open  porosity 


6.  5  oC/min.  1  h 
o  5  oC/min,  5  h 
x-  5  oC/min,  10  h 
1  oC/min,  1  h 
♦  1  oC/min.  5  h 
x  1  oC/min,  10  h 


>. . 

5-"  ^ 


0  10  20  30  40  50  60  70  80  90  100 

Zlrconla(+CaO)  content  (wt.%) 

Fig. 3.  Effect  of  zirconia(+CaO)  content,  heating  rate, 
and  sintering  time  on  bending  strength 

The  experimental  results  are  discussed  and 
correlated. 


10  20  30  40  50  60  70  80  90  1  00 

Zirconla[+10  mol.%  CaO]  content  (wt.%) 


Fig.l.  Effect  of  zirconia(+CaO)  content,  heating 
rate,  and  sintering  time  on  bulk  density 
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INFLUENCE  OF  NANOSTRUCTURE  STATES  ON  MAGNETIC 
PROPERTIES  OF  FINE  POWDES  OF  ALLOYS  BASED  ON  CUPPER 


Chuistov  K.V.,  Efimova  T.V.,  Zalutskiy  V.P.,  Perekos  A.E.,  Ruzhitskaya  T.V. 

G.V.  Kurdyumov  Institute  for  Metal  Physics  of  the  NASU,  Kiev,  Ukraine 


The  magnetic  materials  with  ferromagnetic 
nanoparticles  in  paramagnetic  matrix  is  of  certain 
interest  for  studying  of  influence  of  size,  form, 
interaction  of  particles  on  high  magnetic 
characteristics  formation.  Such  materials  are 
based  Cu  alloys  Cu-Ni-Co,  Cu-Ni-Fe,  which  are 
supersaturated  solid  solutions  (SSS)  Ni,  Fe,  Co  in 
Cu.  Isostructure  decomposition  of  SSS  with 
isolation  of  spherical  ferromagnetic  particles  rich 
in  alloying  elements  takes  place  during  the 
annealing  [1]. 

In  the  present  work  the  influence  of  SSS 
decomposition  in  the  fine  powder  (FP)  of 
Cu8oNii3Fe7,  Cu8oNi13Co7,  Cu6oNi3oCoio  alloys  on 
phase-structure  state  and  magnetic  properties  was 
investigated  with  methods  of  X-ray  and  magnetic 
analysis. 

The  FP  was  received  by  the  method  of 
electrospark  dispergation  in  distilled  water  and 
alcohol.  X-ray  analysis  was  carried  out  on 
difractometer  DRON-3.0  in  Fe  Ka  radiation.  The 
magnetic  properties  (magnetization  I,  coercivity 
He,  field  dependences  1(H)  were  measured  on 
ballistic  magnetometer  at  room  temperature  and 
77  K.  Isothermal  annealing  were  carried  out  at 
873  K  in  atmosphere  Ar  during  various  time  (from 
5 min  to  600  min). 

In  initial  state  the  small  values  Is  are  observed, 
and  He  and  Br  are  absence  (see  table  1.1-1. 3). 
This  is  connected  with  superparamagnetic  state  of 
fine  particles[l]. 


Table  1.1.  —  Magnetic  properties  of  material  in  initial 
state 


Material 

Is,  kA/m 

He, kA/m 

Br,  lOul 

Cu80Ni13Fe7 

Massive 

86 

0.4 

17 

FD-alcohol 

36 

- 

.  - 

FD-water 

14 

- 

- 

Cug0Nii3Co7 

Massive 

20 

_ 

_ 

FD-alcohol 

24 

- 

- 

FD-water 

17 

- 

- 

Cu6oNi30Coio 

Massive 

108 

0.2 

10 

FD-alcohol 

17 

- 

- 

FD-water 

17 

- 

- 

Table  1.2.  -  Magnetic  properties  of  material  in 
annealing  873  K  during  5  min 


Material 

Is,  kA/m 

Hc,kA/m 

Br,  lO^Tl 

Cu80Ni13Fe7 

Massive 

169 

1 

25 

FD-alcohol 

129 

1.5 

62 

FD-water 

72 

2.7 

71 

Cu80Ni13Co7 

Massive 

102 

0.5 

8.4 

FD-alcohol 

84 

2 

50 

FD-water 

35 

0.6 

19 

Cu6oNi30Coio 

Massive 

172 

0.6 

28 

FD-alcohol 

52 

0.7 

20 

FD-water 

151 

0.8 

77 

Table  1.3.  - 

Magnetic 

properties  of  material  in 

annealing  873  K  during  300  min 

Material 

Is,  kA/m 

He,  kA/m 

Br,  KCTI 

Cu80Nii3Fe7 

Massive 

181 

2.6 

231 

FD-alcohol 

149 

2 

93 

FD-water 

87 

2.6 

146 

Cu8oNii3Co7 

Massive 

102 

48 

1060 

FD-alcohol 

97 

2.6 

89 

FD-water 

52 

2 

30 

Cu60Ni30Coio 

Massive 

173 

13 

679 

FD-alcohol 

150 

6.4 

207 

FD-water 

151 

2.6 

132 

SSS  decomposision  during  first  5-10  min  of 
annealing  results  in  sharp  increasing  of  Is,  He  and 
Br  both  in  massive  alloys  in  FP  in  alcohol.  After 
subsequent  annealings  Is  changes  negligibly,  and 
He  and  Br  are  increased.  The  values  Is  depends  on 
quantity  of  ferromagnetic  phase  while  He  and  Br 
are  defined  by  size,  form,  arrangement  of 
dispersive  particles.  Sizes  of  magnetic  phase 
particles  -d  were  calculated  on  magnetic  and  data 
of  X-ray  patterns  and  were  in  interval  from  4  up  to 
7  nm  depending  on  fabrication  conditions.  As 
researched  alloys  are  materials  with,  low 
magnetocrystaline  anisotropy  (Kt  =  5-105  Joule/m3 
for  Cu-Ni-Co  and  K!  =  4-104  Joule/m3  for  Cu-Ni- 
Fe),  so  the  critical  size  of  nanoparticles  dcr  was 


calculated  on  formula 


1c,IsWn 


PI. 
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when  c  =  2.95-  constant.  Is  -  saturation 
magnetization  of  ferromagnetic  phase,  A  - 
exchange  energy  parameter  and  N  =  4tc/3  - 
demagnetizing  factor. 

The  particles  with  d<  dcr  are  singe  domain 
particles.  For  Cu-Ni-Fe  materials  dcr  =  23  nm,  Cu- 
Ni-Co  dcr  =  30-34  nm.  The  comparison  with 
experimental  data  indicates  on  single  domain 
states  of  ferromagnetic  nanoparticles  of  studied 
alloys.  Isostructure  (spinodal)  decomposition  of 
SSS  results  in  certain  arrangement  of 
nanoparticles  and  arising  of  coherent  intrinsic 
stress. 


It  may  consider,  that  ferromagnetic  nanoparticles 
are  the  systems  of  non-interacting  particles  on  the 
first  stages  of  decomposition  when  He  is  definited 
by  magnetocry staline  anisotropy.  For  spherical 
particles  He  =  2K/Is  and  for  Cu-Ni-Co  He  =  15 
*16  kA/m,  Cu-Ni-Fe  -  He  =  2  kA/m  On  later 
stage  coherent  intrinsic  stress  play  essentially  role. 


3  A,-  • (7 , 


,  where  Xs  -  saturation 


magnetostriction  coefficient,  Gt  -  intrinsic  stress. 
For  researched  alloys  g,  is  in  interval  2-lOMO10 
Pa  and  for  all  materials  He  «  3-r  30  kA/m.  It  may 
suggest  that  after  long  times  of  annealing  the 
coalescence  of  nanoparticles  change  paticles 
form,  and  anisotropy  of  form  can  influence  on  He: 
Hc=0.5{N]-N2)Is. 


The  comparison  of  experimental  and  theoretical 
data  indicates  on  essential  contribution  of 
magnetocrystaline  anisotropy  in  coercitivity  of 
massive  and  powder  materials.  Cooling  of 
specimens  annealed  for  30-600  min  from  room 


However,  the  coercitivity  measured 
experimentally  for  powders  is  smaller  than  given 
by  calculation.  It  is  necessary  to  take  attention  to 
influence  of  dipolar  interactions  of  particles,  size 
factor  and  dispersion  of  magnetic  energy  by 
surface  of  powder  particles.  Probably,  these 
reasons  influence  on  value  Br  also.  Br  is  always 
significantly  smaller  for  powders  than  for  massive 
alloys. 


The  received  results  allow  to  make  conclusions, 
that  fine  powder,  obtained  in  alcohol,  are  great 
similar  to  massive  materials  for  all  studied  alloys 
as  in  character  of  decomposition  of  SSS  so 
magnetic  properties  changes.  In  fine  powder 


obtained  in  water  the  great  quantity  of  Cu,  Ni, 
Co,  Fe  oxides  influence  on  phase-structure  state 
and  properties. 


Preference: 
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THE  FORMATION  OF  THE  SUPERHARD  MATERIALS  BASED  ON 

NANODIAMOND 

Senvut  V. 

Institute  of  Machine  Reliability  National  Academy  of  Sciences  of  Belarus,  Minsk,  Belarus 


Synthesis  of  the  diamond  under  high  static 
pressure  is  usually  achieved  within  diamond 
stability  range  by  the  use  of  solvent-catalysts.  Such 
as  iron,  nickel,  cobalt,  manganese  or  alloys  of 
these  metals.  In  this  case  lowering  of  the  pressure 
and  the  temperature  is  connected  with  the 
compositions  based  on  metal-catalysts,  which  have 
relative  low  melting  point.  At  the  same  time  it  is 
necessary  to  note,  that  dispersivity  and  structure  of 
the  initial  carbon  materials  also  play  important  role 
at  the  synthesis  process.  There  was  stated  earlier 
[1]  that  additions  of  ultradisperspersed  diamond 
(UDD,  nanodiamond)  facilitate  the  transition  of  the 
graphite  into  diamond  under  high  pressure 
including  direct  convertion  process  without  metal- 
catalysts.  In  this  case  from  one  point  UDD  serve  as 
a  germs,  from  other  side  nanodiamond  itself  fulfills 
the  role  of  the  catalyst  of  the  synthesis  process  like 
fullerenes  [2]. 

Besides  at  present  time  the  others  areas  for 
application  of  nanodiamond  are  well  known.  UDD 
can  be  used  in  polishing  pastes,  galvanic  coatings, 
modifiers  of  polymers  of  polymers,  composite 
materials  (including  superhard  materials  [3])  etc. 

Other  opportunity  for  application  of  UDD  is 
to  obtain  on  its  base  polycrystalline  powders  from 
nanodiamonds  (PDD)  with  the  size  of  the  particles 
raging  from  0  to  12  pm  [4]. 

The  idea  of  this  work  is  to  use  UDD  as  the 
starting  materials  to  obtain  particles  of  the  micron 
range  on  its  base.  In  this  work  the  treatment  of  the 
ultradisperspersed  diamond  with  different  kind  of 
the  surface  at  the  various  conditions  (including 
vacuum  and  high  static  pressure)  was  conducted. 

It  was  established  that  using  metastable  non¬ 
equilibrium  system  such  as  nanodiamond  modified 
with  non-diamond  carbon  it  is  possible  to  get 
different  kinds  of  particles  having  high  dispersed 
structure. 

It  is  shown  that  synthesis  of  diamond  occurs 
under  high  static  pressure  at  the  diamond’s 
stability  range  when  additions  of  solvent  catalysts 
are  used.  Modificators  connected  with  the  surface 
provide  the  filling  of  the  pores  during  the  process. 
At  the  same  condition  it  is  possible  to  obtain 
diamond  particles  without  metal  catalysts.  Within 
graphite’s  stable  range  formation  of  large  particles 
based  on  initial  UDD  also  occurs. 


First  kind  of  particles  represented 
polycrystalline  powders  UDD  described  in  [4], 
Such  particles  according  to  the  X-ray  analysis  data 
have  high  dispersed  structure  inherent  to  the  initial 
powders  and  possess  high  specific  surface  (Fig.  1). 
The  size  of  the  particles  can  be  ranged  from 
0,01pm  to  100  pm  and  is  determined  by  the 
content  of  no  diamond  carbon  in  the  mixture  (Fig. 
2,3). 


S  II  II  III  mmrn  . . . i»wwii^n»rnn"<i»i'i 

32  &  48  *  «  » 


Fig.  la.  X-ray  pattern  of  initial  nanodiamond 


. it'  a 1  '  #  '  '  1  Sr  1  ’  5 


Fig.  lb.  X-ray  pattern  of  the  sintered  UDD- 
powder. 

Second  kind  of  the  synthesized  particles 
represented  transparent  crystals  with  nanostructure, 
(so  called  colloidal  crystals  based  on  UDD).  The 
intermediate  phases  of  carbon  connected  with  the 
particles  could  be  present  or  be  annealed  varying 
the  temperature  and  the  time  of  the  treatment.  The 
size  of  the  particles  obtained  ranged  from  100  pm 
up  to  700-750  p  of  some  particles  resulted  more 
then  m  depending  on  the  condition  of  the 
treatment.  Microhardness  100  GPa.  (Vickers 
method,  load  on  indenter  200  g)  (Fig.  4). 
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Other  advantage  is  high  thermal  stability  of 
the  obtained  materials  caused  by  low  content  of 
impurities  connected  with  initial  particles  of  the 
nanodiamond. 


a)  30%  mass,  of  non-diamond  carbon. 


b)  50%  mass,  of  non-diamond  carbon. 


c)  65%  mass,  of  non-diamond  carbon. 


Fig.  2.  Image  of  sintered  diamond  particles 
in  carbon  matrix. 


Fig.  4  Image  of  the  crystal  beset  on  UDD. 
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Fig.  3.  TEM  of  the  sintered  particle  based  on 

UDD 
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NEW  CERAMIC  ABO3-MATERIALS  FOR  FABRICATION  OF  FUEL 
CELLS  AND  HEATING  DEVICES  COMPONENTS 

Gorbunova  V.A.(,),  Gorbunov  A.V.,  Novikov  G.I.(,),  Gamanovitch  N.M.(,) 
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Ceramic  materials  based  on  oxides  with 
perovskite  AB03-structure  (e.g.  doped  chro¬ 
mites,  manganites,  ferrites,  cobaltites  of  lan¬ 
thanum  or  other  rare  earth  metals)  are  widely 
investigated  as  materials  for  various  energy 
conversion  technologies.  It  is  expected  that 
the  technologies  based  on  electrochemical 
fuel  cells  and  particularly  on  solid  oxide  fuel 
cells  (SOFC)  will  gain  an  important  position 
in  future  stationary  electric  power  generation. 

At  last  5  years  new  type  of  air  electrode  of 
high  temperature  SOFC,  which  cost  is  strong 
lower  in  comparison  with  conventional  LSM- 
cathodes  (e.g.  La07Sr03MnO3),  based  on 
mixed  lanthanide  manganites  (doped  in  A- 
and  B-sites  in  AB03-molecules)  was  devel¬ 
oped  by  Westinghouse  Coip  (USA)  et  al.  [1]. 
This  work  is  focused  on  structure  investiga¬ 
tion  and  charge  transport  of  such  new  variants 
of  these  advanced  materials  as  Laog. 
xLnxMn03,  La0  8_x  LnxCa0  2Mn0  94Cr0  04Ni0  02O3 
and  La0  6.xLnxSr0  4C0O3  (Ln  =  industrial  mix¬ 
ture  based  on  cerium  group  metals;  x  =  0- 
0.8)).  These  compositions  are  mainly  p-type 
electronic  conductors  with  some  ion  conduc¬ 
tivity  (with  activation  energy  of  0.06-0.18  eV 
for  manganites  samples)  and  can  be  effec¬ 
tively  used  for  the  fabrication  of  cathodes  for 
SOFC  (with  (0.9Zr02+0.1Y203)-  and 
Bio.75Yo.25O,  s-electrolytes)  operated  with  vari¬ 
ous  gas  fuels  at  1070-1270  K  [2]. 

The  conductivity  of  these  lanthanide  materials 
(prepared  in  ceramic  form  using  nitrate  solu¬ 
tion  precursors  decomposition)  was  measured 
in  air  by  four-probe  quasi-dc  method.  It  was 
found  that  optimal  composition  for  SOFC 
(with  Zr02-Y203-electrolyte)  is 

La04Ln04Ca0  2Mn094Ci0  04Ni002O3  (Ln  -  the 


mixture  with  composition  of 
La0i32Ce0i51Ndal2Pr005Fe 

0,005 

La0,6oNd0i  19Ce0] , 3Pr0i08Si 0,oo4Caaoo2 ,  which  added 
to  the  precursors  in  form  of  low  cost  hydro- 
metallurgical  raw  materials),  which  has  at  po¬ 
rosity  of  30-55%  conductivity  level  (at  1000- 
1300  K)  up  to  80,0  Sm/cm.  The  data  obtained 
for  cobaltite  series  on  conductivity  appears 
that  La03Ln03Sr04CoO3  (Ln  = 
La0.32Ce0,51Nd0il2Pr0:05Fe0,005))  is  promising 
material  for  SOFC  cathode  and  oxygen  sepa¬ 
ration  membrane  applications  since  it  is  low 
cost  as  well  as  possess  semiconducting  char¬ 
acteristics  at  lower  temperatures  and  metallic 
conductivity  at  higher  temperatures. 

X-ray  diffraction  data  analysis  for  these  com¬ 
positions  in  ceramic  and  thiclc-film  (5  =25-35 
pm)  form  as  well  as  IR-spectroscopy  data 
show  that  two  cubic  phases  are  mainly  formed 
after  the  sintering  at  1440-1520  K.  It  was 
found  that  first  phase  (up  to  80-95  %  of  the 
material)  is  the  complex  oxide  (e.g.  composed 
of  (La,Nd,Pr,Ca)(Mn,Ni,Cr)03  5)  with  perov¬ 
skite  structure  of  the  loparite  (Ce2Ti3Og  7)-type 
(which  was  similar  to  that  observed  by  Ser- 
diuk  et  al.[3])  with  crystal  lattice  constant  of  a 
=  3.86-3.88  A;  second  is  the  phase  with  fluo¬ 
rite  structure  on  the  base  of  CeO,  with  crystal 
lattice  constant  of  a  =  5.41-5.45  A. 

Besides  conventional  ceramic  technique  based 
on  thermal  synthesis  of  ceramic  AB03- 
materials  the  advanced  plasma  (DC-  and  RF- 
type)  processes  are  developed  for  preparation 
of  the  materials  as  components  of  SOFC  and 
heating  semiconducting  devices  [4],  The  new 
spray  process  for  the  preparation  of  oxide 
powders  of  La-Ca-Al-Cr-O-system  (which  is 
one  of  the  most  suitable  for  SOFC’  intercon- 
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nections  as  well  as  high-temperature  heaters) 
using  200  kW  triple  torch  electric  arc  plasma 
reactor  (TTPR)  [5]  was  recently  developed  in 
our  laboratory.  It  can  be  also  used  for  the  fab¬ 
rication  of  manganite-  and  chromite-based 
heating  elements  on  metal  and  ceramic  sub¬ 
strates  operated  in  air.  The  heating  film  thick¬ 
ness  varied  as  20-50  pm  for  the  plasma  proc¬ 
essing  variant  with  nitrate  solution  spraying. 

This  work  was  supported  by  Foundation  of 
basic  researches  of  Belarus  (grant  X01-188). 
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HARD  ALLOYS  WITH  STRUCTURAL  GRADIENT  FOR  DRILLING 

TOOLS  EDGES 

Florea  Carmen,  Florea  Alexandru 
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The  excavation  of  mine  workings  in  hard 
rocks  is  made  through  drilling-blasting 
technology;  in  the  frame  of  this  method,  the 
holes  drilling  is  one  of  the  basics  operations 
of  this  technology  and  is  realised  by 
percussive  procedure. 

Single  edge  chisel  bits  D.C.P.,  with  40mm 
diameter,  are  the  most  usual  mining  tools  for 
holes  drilling,  both  for  coal  and  ores  mining; 
its  consumption  has  a  significant  weight  for 
the  cost  of  drilled  rock  ton,  depending  on 
rocks  physico-mechanical  properties. 

With  a  view  to  reducing  the  costs  for  simple 
edge  chisel  bits,  was  investigate  the 
possibility  to  use  hard  alloys  with  structural 
gradient  for  producing  the  tippeds  which  are 
the  edges  of  these  tools. 

Powder  metallurgy  is  the  best  method  for 
discovering  and  development  of  new 


materials  and  especially  for  a  large  range  of 
materials  with  structural  gradient. 

The  advantages  of  this  new  technology  are 
both  economic  and  of  the  unlimited 
possibilities  of  utilisation  of  the  processes 
specific  for  powder  metallurgy  for  the 
realisation  of  different  functional 
combinations. 

In  this  context,  hard  sintered  alloys,  of  WC- 
Co  system,  are  used,  on  a  wide  scale,  as 
material  for  mining  tools  edges:  materials 
with  structural  gradient,  from  the  same 
system,  can  offer  a  succession  of  spectacular 
solutions,  for  different  practical  imposed 
demands. 

The  encouraging  results,  obtained  until  now, 
allowed  the  estimation  of  specific 
consumptions  of  drilling  tools,  with  about 
15%  less  than  currently  obtained  ones. 
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PREPARATION  OF  BENZENE-STABILIZED  COBALT  NANOPARTICLES 

IN  HYDROGEN  ATMOSPHERE 

Normatov  I.Sh. 

Institute  of  Chemistry  AS  R.  Tajikistan 


The  high  reactivity  and  aggregation  tendencies  of 
metallic  nanoparticles  stimulate  a  search  for 
effective  stabilization  and  passivation  techniques. 

In  this  paper,  we  report  on  the  preparation  of 
benzene-stabilized  cobalt  magnetic  nanoparticles. 

The  vacuum  system  used  to  prepare  high-purity 
Co  particles.  The  evaporator  temperature  was 
measured  with  a  pyrometer  through  an  optical 
window.  The  rate  of  Co  evaporation  was 
determined  using  an  electronic  balance  vacuum- 
connected  with  the  reactor.  The  balance  was 
calibrated  by  measuring  the  pressure  change 
caused  by  water  evaporation  from  a  special  pan 
suspended  from  one  of  the  balance  arms.  This 
method  ensured  absolute  calibration. 

Computer  simulation  of  the  motion 
of  evaporated  cobalt  atoms 

To  study  the  clustering  and  motion  of  evaporated 
atoms  we  use  a  Monte-Carlo  procedure.  We 
consider  steady  -State  evaporation  and, 
accordingly.  A  stationary  distribution  of  vapor 
species. 

The  probability  densities  for  the  free  path  length 
and  motion  direction  of  each  particle  after  a 
collision  are  computed  using  random-number 
generator.  After  each  collision,  a  check  is  made 
whether  or  not  the  particle  has  reached  the  reactor 
surface.  If  this  has  occurred,  the  number  of 
deposited  particles  is  increased  by  unity,  and 
control  is  transferred  to  the  beginning  of  the 
program  to  simulate  the  trajectory  of  the  next 
particle. 

Deposition  of  Cobalt  particles  into  benzene. 

When  Co  atoms  encounter  the  matrix,  the 
penetrate  some  depth  into  the  layer,  rapidly  losing 
their  kinetic  energy.  This  gives  rise  to  local 


heating,  favoring  Co  diffusion  deeper  into  the 
layer. 

To  examine  tjie  effects  of  the  evaporation  rate  and 
benzene-to-cobalt  ratio  on  the  size  of  depositited 
clusters,  cobalt  (0,08g)  was  depositited  onto  layers 
produced  by  freezing  8,25  or  80g  of  benzene.  The 
deposits  were  examined  on  aJEM-llOOCX 
electron  microscopy. 

Increasing  the  evaporator  temperature  at  a  fixed 
layer  thickness  led  to  partial  melting  of  benzene, 
resulting  in  aggregation  of  Co  particles. 

Cobalt  evaporation  in  atomic  hydrogen 
atmosphere 

It  is  well  known  that,  in  the  process  of  metal 
evaporation,  a  small  fraction  of  the  atoms  pass 
into  an  excited  state. 

It  can  easily  be  shown  that,  at  evaporator 
temperatures  in  the  range  2000-2500K,  the  n'/iio 
ratio  does  not  exceed  10'8. 

It  is  reasonable  to  expect  that,  in  the  presence  of 
atomic  hydrogen,  metal  evaporation  is  promoted 
by  the  recombination  of  hydrogen  atoms  on  the 
metal  surface,  with  a  thermal  effect  of 434  kJ/mol. 

In  partially  atomized  hydrogen,  the  energy  of  Co 
evaporation  was  almost  3  times  lower  than  that  in 
vacuum. 

Interaction  between  deposited  Cobalt  and  benzene 

Electron  -  microscopic  examination  of  the  Co 
particles  depositited  at  the  same  evaporation  rates 
demonstrates  that,  at  high  evaporation  rates,  the 
benzene  layer  contains  coarse  aggregates 
nonuniform  in1  size.  The  main  reason  is  that  rapid 
evaporation  increases  the  probability  of  atomic 
encounters. 
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Hardmetals  based  on  tungsten  carbide 
(WC-Co,  WC-TiC-Co,  WC-Ni)  are  produced  by 
liquid-phase  sintering  technique.  A  promising 
direction  among  others  for  the  amelioration  of 
performance  of  these  is  tailoring  of  an  ultra  fine¬ 
grained  structure.  However,  the  liquid-phase 
sintering  of  ultra  fine  powders  of  WC-Co  results 
in  a  considerable  growth  of  carbide  particles.  In 
this  case,  their  growth  can  not  be  avoided  even 
with  introduction  of  inhibitors  if  the  initial  size  of 
WC  particles  are  finer  than  0.2  microns  during  the 
liquid-phase  sintering  [1]. 

Opportunity  of  producing  of  ultra  fine¬ 
grained  alloys  at  low  temperature,  or  in  solid 
phase,  where  the  structure  formation  processes 
are  retarded  to  some  extent,  is  of  interest.  It  is 
relevant  to  note  that  peculiarities  and  mechanisms 
of  solid  phase  sintering  of  hard  alloys  are  not  yet 
studied  in  due  manner,  although  attempts  are 
made  to  do  it  lately  [2,3]. 

Pressures  as  high  as  1200  MPa,  or  the 
method  of  high-energy  hot  pressing  permitted  to 
obtain  more  knowledge  in  the  peculiarities  of 
densification  processes  of  WC-Co  alloys  during 
low  temperature  sintering.  As  investigations  of 
consolidation  of  specimens  differing  in  WC 
particle  sizes  and  binder  contents  within  the  950- 
1350  °C  range  have  shown,  a  temperature  exists 
in  this  sintering  region,  at  which  a  change  of 
structure  formation  mechanisms  likely  occurs. 

The  study  of  WC-16%Co  alloy 
densified  by  the  sintering  method  at  various 
temperatures  revealed  that  the  density 
variation  rate  significantly  raised  after  1200 
°C,  Fig.  1  [4],  This  effect  is  hardly  noticeable 
when  high-energy  pressing  is  used  because  the 
- - - density  of 
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specimens  is  rather  high  due  to  the  pressure 
applied.  However,  as  was  found  during  the  study  of 
porosity  behavior  of  various  specimens,  the  pore 
sizes  increased  with  temperature  despite  the 
decrease  of  general  porosity,  while  these  began 
abruptly  decrease  after  1200  °C,  regardless  of 
consolidation  method  of  hardmetal,  Fig.  2  [5], 
Different  densification  methods  only  produced 
effect  on  the  absolute  pore  sizes,  i.e.  the  pore  sizes 
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considerably 
smaller  at 
high-energy 
hot  pressing. 
The  results  of 
measuring 
specific 
electrical 
resistivity  of 
WC-16%Co 
alloys  having 
different 
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rature  of  WC- 1 6  A>  Co  allov  average  sizes 
of  WC  particles  have  also  shown  the  presence  of  an 
inflexion  in  the  variation  of  the  specimen  resistivity 
due  to  the  densification  temperature.  It  was  found 
as  a  result  of  approximation  of  experimental  data 
with  function  p=p0(l-9)'m  and  the  use  of  log 
coordinates,  the  point  of  inflexion  corresponded  to 
1200  °C  being  in  no  dependence  on  the  specimen 
porosity,  Fig.  3  [5].  That  is,  the  major  cause  of  the 
inflexion  appearance  is  associated  with  the  heating 
temperature  of  specimens. 

The  study  yielded  also  fundamentally 
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valuable  results  consisting  in  the  establishment  of 
a  different  rate  of  growth  for  carbide  particles 
during  solid-phase  sintering.  The  values  of  mean 
chord  of  carbide  particles,  Lvvc  as  function  of  the 
pressing  temperature  of  specimens  are  given  in 
Fig-  4  [4],  As  can  be  seen  from  the  Figure,  the 
growth  rate  of  WC  particles  significantly 
increases  with  the  specimen  heating  of  over  1200 
°C  (tangent  of  obliquity  of  linear  relationship,  Lwc 
=  f  (T)  is  four-fold  greater).  So,  a  process  starts  at 


0  Densification  temperature  (T),  °C 

Fig.  4.  The  effect  of  the  densification 
temperature  of  WC-16%Co  alloy  on  the 
WC  particle  sizes 

1200  °C  which  exercises  a  strong  influence  on  the 
growth  of  WC  particles. 

Another  peculiarity  of  the  densification  process 
was  established  on  a  rich  binder  hard  alloy.  Some 
drop  of  the  density  is  observed  during  the  high- 
energy  pressing  of  WC-26%Co  alloy  at  1200  °C, 


Densification  temperature  (T),°C 
Fig.  5.  The  density  of  WC-26%Co  alloy 
vs  densification  temnerafure 

Fig.  5  [6].  On  the  other  hand,  the  density  increase 
become  slower  at  sintering.  This  can  be  explained 
by  the  coalescence  of  carbide  particles  and 
formation  of  a  rigid  carbide  frame  at  this 
temperature,  which  restrains  the  shrinkage  in  the 
case  of  sintering,  while  get  destroyed  when  pores 
are  formed  in  specimens  in  the  case  of  pressing.  It 
seems  appropriate  to  note  that  at  temperatures 


higher  than  1200  °C  the  said  phenomenon  is  not 
observed. 

Therefore,  it  was  stated  that  the  following 
phenomena  occur  at  1200  °C  during  the  study  of 
the  solid-phase  consolidation  of  WC-Co  alloys  by 
the  methods  of  sintering  and  high-energy  pressing: 

•  speed  up  of  the  shrinkage  process  for  poor 
binder  alloys  and  low  rate  of  the  shrinkage  for 
more  rich  binder  alloys, 

•  onset  of  the  diminution  process  of  pores  after 
their  earlier  enlargement 

•  amelioration  of  interparticle  boundaries,  i.e. 
reduction  of  specific  resistivity  of  specimens 

•  increase  of  the  growth  rate  of  carbide  particles. 
We  can  arrive  at  a  conclusion  from  the  above  said 
peculiarities  that  the  solid-phase  region  of  sintering, 
which  covers  the  temperature  range  between  950 
and  1300  C,  is  not  monotonous  in  the  terms  of 
both  the  shrinkage  process  and  the  structure  change 
(WC  particle  growth).  This  region  is  divided  by  the 
temperature  of  near  1200  °C  forming  two  sections 
considerably  differing  in  the  shrinkage  rates  and 
structure  forming  rates.  Carbide  particle 
densification  and  growth  rates  are  significantly 
higher  within  the  section  of  solid-phase  sintering 
over  1200  C.  Further  more,  low  specific  resistivity 
of  specimens  as  prepared  within  this  section  reveals 
a  high  degree  of  interaction  between  particles. 

Based  on  results  obtained  one  can  suppose 
the  only  reason  is  laid  up  on  the  basis  of  the 
phenomena  discovered,  i.e.  the  recrystallization  of 
tungsten  carbide  that  occurs  at  1150-1200  °C  in 
hardmetals  [7], 

The  prospects  of  application  solid-state 
consolidation  technique  for  production  ultrafine 
hardmetals  with  high  mechanical  properties  are 
discussed. 
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Now  the  further  elaborations  of  the  heat  proof 
and  heat-resistant  constructional  materials  are 
connected  with  the  researches  of  the 
intermetallides.  The  intermetallides  are  used  as  the 
strengthening  phases,  and  as  the  coatings,  and 
essentially  influence  on  the  properties  of  the 
materials  [1,2].  In  connection  with  this  a  big 
attention  is  spared  to  study  of  the  properties 
stability  of  the  intermetallides  in  the  aggressive 
mediums  at  the  high  temperatures. 

In  study  [3]  a  heat-resistance  of  the 
intermetallide  phases  formed  by  IV  group  of  the 
transitional  metals  (Ti,  Zr,  Hf)  with  iron  group 
metals  (Fe,  Co,  Ni)  and  copper  has  been  learnt.  It 
has  been  shown  [3,  4],  that  there  are  the  cases 
when  a  heat-resistance  of  the  intermetallides  is 
higher,  than  a  heat-resistance  of  the  metals,  from 
which  they  were  obtained. 

In  the  present  study  the  firmness  to  oxidation 
of  intermetallides  formed  by  metals  IV  (titanium, 
zirconium  and  hafnium)  with  chromium,  posses¬ 
sing  the  highest  heat-resistance  among  the  clean 
metals  was  investigated. 

The  intermetallides  were  smelted  in  arc 
furnace  with  unexpended  tungsten  electrode  and 
copper  water-cooling  bottom  in  medium  of 
furbished  argon.  The  rate  of  crystallization  from 
melt  of  an  ingot  was  —0,5  °/sec.  A  purified 
chromium  and  iodide  titanium,  zirconium  and 
hafnium  used  as  initial  raw  materials.  For  removal 
of  the  internal  stresses  the  intermetallides  were 
annealed  in  vacuum  at  the  temperature  800  °C  for 
10  hours.  On  data  of  chemical  and  x-ray  analysis 
their  composition  is  close  to  stoichiometric. 

The  tests  of  a  heat-resistance  were  conducted 
in  air.  The  test  temperature  was  varied  within  the 
range  600-1200  °C  for  20  hours.  The  specimens 
approximately  10  mm  in  diameter  and  15  mm  in 
high  were  used.  Before  the  tests  the  specimens’ 
surfaces  are  polished,  cleaned  by  ultrasound  and 
washed  in  distillated  water.  A  microthermobalance 
apparatus  “Derivatograph-1500"  with  the 
continuous  recoding  of  mass  change  was  used  for 
determination  of  the  oxidation  kinetics.  The 
periodic  weighing  of  the  specimens  after  exposure 
in  electric  furnace  got  the  supplemental  data.  The 


experimental  results  presented  in  this  study  were 
obtained  by  means  of  thermobalance,  metallogragy 
and  x-ray  analyses. 

The  results  of  the  thermogravimetric  studies 
are  shown  in  fig.  1 .  Data  for  the  oxidation  rates  of 
clean  metals  formative  intermetallides  have  been 
also  cited  for  comparison 


Fig.  1.  Dependence  of  the  oxidation  rates 
against  the  temperature  for  TiCr2,  HfCr2 
intermetallides  and  the  metals  formative  them. 

As  follow  from  the  given  results,  TiCr2  and 
FIfCr2  intermetallides  possess  relatively  high  level 
of  a  heat-resistance.  At  600  °C  an  oxidation  rate 
of  HfCr2  intermetallide  exceeds  an  oxidation  rate 
of  TiCr2  and  Hf,  and  all  the  more  chromium.  TiCr2 
intermetallide  is  more  firm  to  oxidation  at  this 
temperature,  than  clean  titanium.  At  800  °C  the 
oxidation  rates  of  TiCr2  and  HfCr2  intermetallides 
become  practically  equal,  and  at  higher  tempe¬ 
rature  TiCr2  is  oxidized  even  faster,  than  HfCr2. 
Both  intermetallides  are  found  more  firm  to 
oxidation  than  clean  hafnium  and  titanium  at  800 
°C  and  above.  The  ZrCr2  intermetallide  is  oxidized 
intensively  at  all  temperatures.  Moreover,  as  the 
temperature  rises  a  heat-resistance  of  ZrCr2 
anxiously  falls  and  becomes  beneath  such  for 
clean  zirconium.  The  reason  of  this  is  connected 
with  this  intermetallide  is  very  fragile  and  has 
many  cracks  arised  during  preparing.  The  cracks 
sharply  multiply  the  oxidation  surface.  As  a  result 
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of  oxidation  along  net  of  the  microfissures  a 
specimen  is  scattered. 

The  phase  x-ray  analysis  of  the  scale,  formed 
on  the  surface  of  the  specimens  has  been  done.  In 
the  main,  the  scale  consists  of  the  oxides  of  the 
metals,  formative  the  proper  intermetallide.  At  low 
temperatures  Ti02  or  Hf02  and  small 
maintenance  of  the  chromium  oxide  form  the 
scale.  The  preferable  oxidation  of  titanium  and 
hafnium  is  observed  due  to  higher  free  energy  of 
formation  of  their  oxides  on  comparison  with  the 
chromium  oxide.  The  presence  of  clean  metals  was 
not  registered.  At  higher  temperatures  a  biphasic 
scale  is  formed  with  large  contents  of  the 
chromium  oxide,  and  at  1200  °C  a  third  Cr2Ti05 
phase  is  formed  in  the  scale  of  TiCr2 
intermetallide . 

It  is  known,  that  a  heat-resistance  of  the 
metals  is  determined  by  the  properties  of  an 
oxide,  forming  on  their  surface  [5],  An 
augmentation  of  the  firmness  to  oxidation  is 
reached  by  dint  of  an  alloying,  what  provides  the 
forming  of  the  scale  with  more  high  protective 
properties.  The  presence  of  chromium  in  material 
mostly  leads  to  rise  the  protective  properties  of 
forming  scale  due  to  the  high  protective  properties 
of  Cr203.  In  our  experiments  the  fact  is  tracked 
that  the  protective  properties  of  the  scale  forming 
on  TiCr2  and  HfCr2  intermetal  1  ides  are  correlated 
of  protective  properties  of  titanium,  hafnium  and 
chromium  oxides.  Our  data  demonstrated  that  a 
presence  of  chromium  in  material  in  both  cases 
raises  a  heat  resistance.  Especially  this  take  place 
with  growth  of  the  temperature,  when  due  to  rise 
of  the  diffusion  coefficients  an  essential  role  starts 
to  play  a  diffusion  of  the  chromium  cations 
through  the  film  of  Ti02(HfD2)  to  the  external 
surface  of  the  scale  and  an  oxygen  diffusion 
through  the  scale  to  the  surface  of  the 
intermetallide  [3],  This  processes  leads  to  an 
augmentation  of  quantity  of  the  forming  chromium 
oxide.  So,  a  heat  resistance  of  TiC2  and  HfCr2 
intermetal lides  is  in  2-4  times  higher  than  titanium 
and  hafnium  heat  resistance,  but  it  is  much  lower 
(on  2-3  order)  than  a  heat  resistance  of  chromium 
at  the  temperatures  600-1000  °C.  With  growth  of 


the  temperature  the  difference  between  a  heat 
resistance  of  intermetallides  and  chromium 
decreases,  and  at  1200  °C  a  heat  resistance  of  the 
intermetallides  is  less  than  a  heat  resistance  of 
clean  chromium  only  in  2-3  times.  An 
augmentation  of  the  protective  properties  of  the 
scale  with  an  augmentation  of  Cr203  maintenance 
in  it  is  confirmed  by  the  fact,  that  the  specimens, 
for  example  HfCr2,  oxidized  at  1000  °C,  are 
oxidized  at  the  repeated  heating  at  600  °C  in  7-8 
times  more  slowly,  than  in  a  case  without 
preliminary  oxidation  at  the  high  temperature.  And 
vice  versa,  the  specimens  with  preliminary 
oxidation  at  600  °C’  are  oxidized  at  the  temperature 
1000  °C  in  20-25  times  faster,  than  without 
preliminary  oxidation  at  600  °C. 

Thus,  titanium  and  hafnium  intermetallides 
with  chromium  do  not  possess  the  high  level  of  a 
heat  resistance  at  the  temperatures  till  1000  °C, 
which  is  much  lower,  than  a  heat  resistance  of 
clean  chromium,  and  at  more  high  temperatures  a 
heat  resistance  of  TiCr2  and  HfCr2  is  compared 
with  such  for  chromium.  Influence  of  chromium 
on  rise  of  titanium  and  hafnium  heat  resistence  is 
displayed  at  all  explored  temperatures.  However, 
the  scale  with  higher  protective  properties  is 
formed  only  at  the  temperature  above  1000  °C. 

References 

1.  MupKHH  H.JI.,  OaHTaeBa  M.  B  kh.: 
HccnettOBaHue  HOBbix  xoponponubix  cnnaBOB  ana 
onepreTHKH.  M.:  MauirH3.-  1961.-  C.  111-178. 

2.  3fl3eB  B.A.,  BaTOJTHH  H.A.,  TynaeBa  P.H., 
EynaHOB  B..H.  //MeiajiJibi.-  2000,  iN°  3.-C.  99-103. 

3.  Bohtobhu  P.fl).,  Tojiobko  3.H. 
//nopoiiiKOBaa  MeTanjiyprua.-  1978,  Xe  4.-  C.  61- 
71. 

4.  TaHAapeHKO  A.JI.,  CnuBaKOBa  E.B., 
lleTbKOB  B.B.  //MeTajuio({)H3HKa.-  1973,  Bbin.  46.- 
C.  100-103. 

5.  ToMamoB  H./J.  BbicoKOTeMnepaTyp-Hoe 
OKHCJieHtie.  // HTorn  HayKH  h  toxh.  BHHHTH. 
Cep.  Koppo3HH  h  3amHTa  MeiajuiOB  h 
ciuiaBOB.-  1991.-17.-  120c 


494 


II.  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 

NEW  LEVEL  OF  PROPERTIES 


FEATURES  OF  THE  BEHAVIOR  OF  TITANIUM  NITRIDE 
NANOPOWDERS  DURING  SINTERING  UNDER  THE  CONDITIONS  OF 

HIGH  PRESSURES 

Bvkov  A.I.,  Timofeeva  I.I.,  Klochkov  L.A.,  Ragulya  A.V.,  and  Gridneva  I.V. 

Frantsevich  Institute  for  Problems  of  Materials  Science,  National  Academy  of  Sciences  of  Ukraine, 

Kiev,  Ukraine 


The  formation  of  a  nanocrystalline 
structure  in  a  sintered  material  provides 
preparation  of  ceramic  products  with  improved 
physicomechanical  properties.  Different  processes 
of  consolidation  of  nanopowders,  that  make  it 
possible  to  prevent  a  significant  increase  in  the 
size  of.  starting  particles  and  obtain  a  sintered 
polycrystal  with  a  grain  size  under  100  nm,  are 
known.  Sintering  under  high  pressures  is  among 
these.  By  now  numerous  investigations  of 
sintering  of  materials  by  this  method  have  been 
carried  out.  However,  the  currently  available 
information  does  not  reveal  the  features  of  the 
effect  of  quasi-hydrostatic  compression  under 
high  pressures  on  the  evolution  of  the  substructure 
of  grains  depending  on  their  size.  In  this 
connection,  a  comparison  of  the  effects  of  the 
action  of  high  pressures  on  powders  with  the 
initial  particle  size  of  about  60  pn  obtained  by 
synthesis  in  a  furnace  and  plasmochemical 
nanopowders  with  a  size  of  70  nm. 

Experiments  were  performed  oh  a  high- 
pressure  unit  on  the  base  of  a  hydraulic  press  with 
a  force  of  6300  kN.  A  lens-type  pressure  chamber 
(PC)  with  a  diameter  of  the  working  channel  of 
the  cell  of  9  mm  was  used.  Experiments  were 
carried  out  in  the  pressure  range  2-5  GPa  at  a 
temperature  of  293  K,  and  in  the  temperature 
range  1273-1773  K.  The  sintering  time  was 
minimized  in  view  of  the  necessity  to  preclude  the 
effects  of  decreasing  pressure  during  the  sintering 
cycle,  that  are  caused  by  the  shrinkage  of  the 
material  of  the  PC  cell,  and  limit  the  process  of 
grain  growth  during  sintering.  The  total  sintering 
time  did  not  exceed  1.5  min.  Temperature  was 
raised  linearly,  and,  at  its  maximum  value,  an 
exposure  lasted  for  no  more  than  20  s.  An  X-ray 
diffraction  analysis  of  sintered  materials  was 
performed  on  a  DRON-3M  diffractometer. 
Parameters  of  the  fine  structure  of  the  material 
were  calculated  from  the  broadening  of  diffraction 
lines.  The  hardness  was  measured  on  a  PMT 
microhardness  tester.  The  density  of  sinters  was 
determined  by  hydrostatic  weighting. 


The  range  of  used  pressures  was  chosen 
from  the  condition  of  the  necessity  of  deforming 
the  frame  of  a  powder  body  during  generation  of  a 
high  pressure  and  in  the  process  of  sintering.  It 
was  proposed  to  use  the  Hubert-Mises  condition 
in  consideration  of  the  deformation  process  under 
high  pressures.  We  proceeded  from  the 
assumption  that,  on  the  free  surface  of  a  pore,  the 
material  is  in  the  plane-strained  state.  For  this 
case,  the  instant  of  deformation  comes  as  the 
relationship  amean  >  2c0  is  satisfied,  where  araean  is 
the  mean  hydrostatic  pressure  produced  in  the 
working  volume  of  the  PC;  a0  is  the  compression 
strength  of  the  sintered  material.  For  titanium 
nitride,  this  relationship  is  as  follows:  crmean  ^  2 
GPa.  Specimens  of  specified  shape  (5  mm  in 
diameter  and  4  mm  in  height)  were  sintered  in  the 
indicated  pressure  range. 

X-ray  diffraction  analysis  data  show 
that  splitting  of  the  regions  of  coherent  scattering 
(RCS)  proceeds  even  at  room  temperature,  and,  in 
nanopowders,  their  size  is  two  orders  of 
magnitude  smaller  than  in  micropowders  after 
action  of  a  pressure  of  3  GPa.  Nevertheless,  the 
residual  microstresses  of  the  crystal  lattices  of 
both  types  of  powders  are  close  in  value  (Aa/a  = 
(20-33)  x  10"4).  As  temperature  and  pressure  are 
raised,  the  characteristics  of  the  substructure 
change  insignificantly.  It  should  be  noted  that 
microstresses  in  nanopowders  are  always  higher 
than  those  in  micropowders.  The  causes  of  this 
phenomenon  were  considered. 

It  was  established  that  the 
microhardness  of  compacts  from  nanopowders 
was  24-26  GPA  and  the  microhardness  of 
compacts  from  micropowders  was  not  more  than 
20  GPa.  Thus,  the  features  of  the  effect  of  high 
quasi-hydrostatic  pressures  on  titanium  nitride 
powders  with  different  particle  sizes  were 
determined. 
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Binaiy  intermetallic  compound  LaNi5  is 
widlew  known  due  to  opportunities  is  convertible 
to  absorb  hydrogen  in  significant  quantities  (6-7 
atoms  per  formula  unit)  at  temperatures  close  to 
room.  However  equilibrum  pressure  in  system 
LaNi5-H2  makes  about  3  atmospheres,  that 
essentially  reduces  opportunities  its  practical 
application.  Doping  LaNi5  by  other  transitive 
metals  allows  to  operate  process  of  hydride  for¬ 
mation  without  deterioration  its  absorbtion  of 
properties.  The  thermodynamics  is  one  of  the 
fundamental  approaches  by  development  of  the 
theory  of  management  hydrogenation.  At  the  same 
time  of  items  of  information  on  thermodynamic 
properties  of  alloys  on  a  basis  LaNi5  in  the 
literature  are  absent. 

The  purpose  of  the  present  work  was  the  re¬ 
search  heat  capacity  and  enthalpy  of  LaNi4  5Cu0.5 
in  the  temperature  range  64.28  -  1478  K  and 
LaNi45Mno.5  in  the  temperature  range  59.63  - 
1451  K.  The  intermetallides  under  study  were  pro¬ 
duced  from  lanthanum,  nickel,  manganese  and 
cooper  (99.8  %)  by  arc  melting  with  tungsten  non¬ 
consumable  electrode  in  purifild  argon. 

Heat  capacity  at  low  temperatures  were 
measured  by  adiabatic  calorimetry  method  with 
periodic  input  of  heat  on  low  temperature  standard 
thermophysical  unit  [1],  and  enthalpy  -  by  drop 
calorimetry  method  on  high-temperature  differen¬ 
cial  calorimetry  [2],  The  error  of  the  heat  capacity 
measurement  not  to  exceed  0,4  %,  and  of  enthalpy 
-1,5%. 

The  experimental  data  of  heat  capacity 
smoothed  out  by  a  method  of  sliding  approxima¬ 
tion  by  the  cubic  multimembers  with  weight  fac¬ 
tors  [3]  (fig.l). 

To  obtain  main  thermodynamic  functions 
under  standard  conditions  the  experimental  data  on 
the  low  temperature  heat  capacity  for  the  alloys 
studied  were  extrapolated  to  0  K  using  equation  of 
follows  [2]: 
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heat  capacity,  respectively,  n  is  numbers  of  atoms 
in  the  substance  formula. 


Fig.l.  Smoothed  data  of  low  temperature 
heat  capacity 


X  LaNi4.5Cu0.5  o  LaNi4.5Mn0.5 

The  enthalpy  (J-moIe"1),  heat  capacity,  en¬ 
tropy  and  Gybbs’s  energy  (J-mole'I-K‘1)  of 
LaNi45Meo.5  (Me=Cu,  Mn)  alloys  at  298,15  K 
were  obtained:  31126±159;  151,75±0,61; 

210,49±1,70;  106,09±1,60  (LaNi4.5Cuo.5); 

31018+155;  148,99±0,60;  207,38+1,66; 

1 03,35±1 ,55  (LaNi4.5Mn0.5). 

Experimental  data  (fig.2)  of  the  alloys 
studied  enthalpy  (J-mole'1)  in  the  temperature 
range  of  298,15  -  1478  K  (LaNi4.5Cuo.5)  and 
298,15  -  1451  K  (LaNi4  5Mno.5)  were  approxima¬ 
tion  using  Mayer  -  Kelly  equation: 

H°(T)  -  H°(298. 1  5K)=A  T2+B  T+C  T'+D  (2) 
At  confidential  probably  0,95  values  of  en¬ 
thalpy,  designed  on  (2),  are  characterized  by  an 
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average  relative  confidential  interval  not  to  exceed 
1,5  %. 

Proceeding  from  (2)  the  temperature  de¬ 
pendencies  of  heat  capacity,  entropy  and  Gybbs’s 
energy  (J-mole''-K'!)  function  are  as  follows: 

Fig.2.  Experimental  data  for  entalpy  of 
LaNksCuo.s  and  LaNksMnos  alows 
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quency  in  result  of  LaNi5  doping  by  cooper  or 
manganese. 

At  high  temperatures,  when  phonon  spec¬ 
trum  is  completely  exited,  the  phonon  component 
of  specific  heat  of  researched  alloys  and  LaNi5  is 
close  to  meaning  3-R-n,  the  distinctions  in  mean¬ 
ings  specific  heat  (3-4  %)  will  be  determined  vari¬ 
ous  electronic  and  anharmonic  by  the  contribu¬ 
tions  of  specific  heat. 
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C°P(T)=2-A-T+B-C-T'2  (3) 

S°(T)=2-A-T+BlnT+0,5-C-T"2+E  (4) 

0’(T)=A-T+B  lnT-D  T'!-0,5-C-T'2+(E-B)  (5) 
Coefficients  of  temperature  dependences  (2 
-  5)  were  calculated  by  the  least  square  method 
using  two  boundary  conditions,  i.e.  zero  value  of 
enthalpy  at  298,15  K  and  standard  value  of  allow 
heat  capacity  to  provide  agreement  between  high 
and  low  temperature  heat  capacity  values.  The  pa¬ 
rameters  A,B,C,D,E  are  equal,  respectively: 
26,10T0‘3;  137,61;  126455;  -43772,6;  -598,88 
(LaNu.sCuo.s);  29,77-1  O'3;  136,96;  508709;  - 
45187,7;-593,65  (LaNU.sMno.s). 

In  the  field  of  low  temperatures  heat  capac¬ 
ity  LaNi4j5Cuo.5  is  comparable  to  those  for  LaNi5 
[3].  Heat  capacity  LaNfi  sMno.s  is  higher  200  to  2- 
3  %  below  heat  capacity  LaNi5  [3].  The  differences 
of  heat  capacity  at  low  temperatures  are  deter¬ 
mined  by  insignificant  shift  phonon  mode  on  fre- 
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Well-founded  approach  to  a  development 
of  new  materials  employing  refractory  compounds 
with  a  high  wear  resistance  and  low  friction 
coefficient  in  a  wide  temperature  range,  first  of  all 
foresees  elucidation  of  what  processes  occur  in 
friction  of  refractory  compounds,  what  mechanism 
of  those  processes  and  how  to  control  them.  The 
obtained  data  [1-3]  on  regularities  of  friction  and 
wear  resistance  at  temperatures  20-1500°C  in 
vacuum  and  on  the  open  air  (Fig.  1-3),  adhesion 
interaction  in  static  contact,  evolution  of  content, 
structure  and  properties  of  refractory  compounds  in 
a  point  of  contact  made  a  solid  background  to  find 
out  a  mechanism  of  friction  and  wear  resistance  of 
those. 


Fig.  1.  Dependence  of  friction  coefficient  p  versus 
temperature  in  vacuum:  l-ZrB2,  2-TiN,  3-MoSi2, 
4-TiB2<  5-TiC,  6-TiC-NbC. 


Tests  showed  a  definite  correlation 
between  the  obtained  values  of  friction  coefficient 
of  metal-like  carbides  and  borides  as  well  as 
metallic  components  in  the  periodical  system. 
Friction  coefficient  elevates  with  a  growth  of  a 
number  of  metallic  components  of  carbide  inside 
the  each  group.  Temperature  when  a  minimum  of 
friction  coefficient  is  observed,  also  elevates  with  a 
growth  of  metal’s  number. 

In  case  of  friction  of  borides  the 
dependence  versus  the  place  of  metallic  component 
in  periodic  system  is  observed  in  case  of  friction  of 


identical  or  similar  structures  (diborides  or  mono¬ 
borides).  The  lower  friction  coefficient  is  obtained 
for  diborides  (if  compare  with  mono-borides)  and 
for  titanium  carbide  and  nitride  of  stochiometric 
contents. 


Fig.  2.  Dependence  of  friction  coefficient  p  versus 
temperature  at  friction  in  vacuum: 

1,4,5-BfC-BfZ;  2,3-SiC-SiC 

The  obtained  data  let’s  to  conclude  that  only  in 
case  of  friction  of  refractory  compounds,  macro- 
and  micro  factors,  including  a  character  of 
interatomic  interaction  defined  by  a  nature  of 
substances  involved  in  friction  play  an  important 
role.  Deformation  process  of  near-surface  region 
and  adhesion  interaction  are  interrelated  in  friction 
and  depend  upon  substance  nature  and  structure  as 
well  as  tests  conditions  and,  first  of  all,  upon 
temperature  and  media  The  data  obtained  while 
definition  of  “tangential  adhesion”,  as  well  as 
status  of  friction  surfaces  certifies  that  friction  of 
refractory  compounds  at  high  temperatures  is 
associated  with  a  development  of  adhesion 
processes  in  a  contact  zone.  Growth  of  tangential 
efforts  required  to  shift  contacting  unmovable 
samples  at  elevation  of  holding  time  and 
temperature  (1200-1600°C)  was  observed  for  TiC, 
NbC  and  M2C.  These  carbides  have  the  higher 
friction  coefficient  at  these  temperatures  than  the 
other  ones.  Probably,  the  adhesion  appears  mainly 
at  the  account  of  formation  of  metallic  bonds  Me- 
Me,  since  when  these  bonds  are  absent  (B4C,  SiC), 
friction  coefficient  varies  negligibly.  At 
temperatures  <Tmi„  when  the  adhesion  is  not  a 
factor  to  control  friction  process,  the  substances 
with  a  higher  covalence  rate  have  die  less  friction 
coefficient. 
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Fig.  3. Dependence  of  friction  coefficient  p  versus 
temperature  at  friction  on  the  open  air: 

1-WC,  2-Mo2B,  3-TiN,  4-ZrC,  5~Cr3C2,  6-TiC. 

The  carried  out  structural  investigations  of 
surface  layers  of  metal-  and  non  metal-like 
refractory  compounds  revealed  that  they  posses 
with  as  mutual  tendencies  in  deformation  and 
structural  formation  in  friction  but  a  number  of 
differences.  These  differences  appear  in 
deformation  processes,  fracture  and  formation  of 
structural  friction  surface  and  pre-surface.  All 
investigated  compounds  have  a  tendency  to  form 
pre-surface  dispersion  layer  which  is  formed  out  of 
products  of  wear  and  oxidation  of  initial  material. 
In  case  of  vacuum  tests  this  layer  is  made  out  of 
wear  products  as  a  result  of  their  fragmentation  and 
subsequent  consolidation  in  a  contact  zone. 
However,  consolidation  mechanism  and  real 
structure  of  this  kind  of  layer  are  different  for  TiC, 
AIN,  B4C  and  SiC.  Temperature  dependences  of 
tribotechnical  properties  for  these  compounds  are 
different  also.  The  reason  is  that  the  higher  rates  of 
dispersion  and  plasticity  of  wear  products  in  a 
contact  zone  provide  TiC  with  a  sintering  of  those 
at  T>800°C.  Recrystallization  in  a  surface  layer 
stresses  also  an  important  role  of  diffusion 
processes  and  their  high  rate  in  TiC.  In  AIN  and 
B4C  dispersion  rate  of  wear  products  in  contact 
zone  is  also  very  high  yet  they  do  not  consolidate 
in  a  solid  surface  layer  even  at  1400°C.  Tracks  of 
recrystallization  were  not  observed  in  these 
materials  and  this  certifies  a  weakness  of  diffusion 
processes.  Layers  of  fine  grain  material  on  friction 
surfaces  AIN  and  B4C  are  of  less  strength, 
flocculent  and  are  arranged  in  a  form  of  islands. 
Unlike  metal-like  refractory  compounds  friction 
coefficient  of  non-metal-like  compounds  does  not 
fall  in  heating.  Elevation  of  friction  coefficient 


and/or  its  negligible  alteration  in  heating  is 
associated  with  the  fact  that  on  friction  pairs  A1N- 
A1N,  B4C-B4C,  Si3N4-Si3N4  and  SiC-SiC  with  a 
growth  of  temperature  a  quantity  of  badly  fixed 
dispersion  particles  grows  up.  Heating  and  plastic 
deformation  of  these  particles,  being  under  the 
forces  of  friction  and  normal  loading  activate 
adhesion  of  particles  to  each  other  as  well  as 
surface  grains.  Since  the  quantity  of  dispersion 
particles  elevates  with  a  temperature  growth, 
friction  coefficient  grows  up  also.  At  friction  of 
TiC-TiC  in  vacuum,  a  heating  up  to  800°C  does 
not  bring  a  formation  of  fine  dispersion  layer  on  a 
surface  of  friction.  Friction  coefficient  in 
temperature  interval  20-800°C  falls  continuously. 
Elevation  of  friction  coefficient  for  like  samples 
TiC  is  observed  at  heating  higher  than  830-900°C, 
and  at  800°C  on  friction  surfaces  fine  Aspersion 
particles  -  product  of  fracture  of  surface  grains 
become  visible.  With  elevation  of  total  quantity  of 
dispersion  particles  on  friction  surfaces  a  rate  of 
wear  grows  up  also. 

The  carried  out  investigations  revealed  that 
in  friction  the  processes  of  plastic  deformation  of 
surface  layers:  AIN  and  SiC  (20°C),  B4C  (400°C) 
and  TiC  (800°C)  for  all  refractory  compounds 
become  noticeable.  Simultaneously,  the  processes 
of  fracture  of  surface  layer,  dispersion  of  wear 
products  and  formation  of  dispersion  layer 
structures  -  especially  for  TiC  (in  vacuum)  and  for 
AIN  (open  air)  take  place. 

The  obtained  experimental  data  about 
tribologycal  properties  and  evolution  of  surface 
layer  structure  expand  our  knowledge  on  friction 
mechanism  of  refractory  compounds  and  is  a  solid 
basement  practical  implementation  associated  with 
a  development  of  materials  of  tribotechnical 
purpose. 
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Attempts  to  govern  by  level  of  erosive 
properties  of  electrode  materials  exist  since,  while 
the  method  of  spark  hardening  of  operating  details 
surfaces,  working  in  conditions  of  intensive  wear 
appeared  and  began  widely  to  make  use.  Palatnik 
and  Albinsky  [1,2]  attempted  to  work  up  the 
criterions  of  metals  erosion  resistance,  originating 
from  processes  physics,  taking  place  in  materials 
surface  layers  during  erosive  processing. 
However,  these  attempts  were  not  successful  and 
adopted  criterions  worked  only  for  definite  range 
of  materials  and  processing  conditions.  Interest  to 
this  question  went  out  on  measure  of  how  metallic 
materials  all  more  rarely  used  for  hardening  aims. 
Nevertheless  it  was  shown,  that  metals  erosion 
resistivity  for  invariable  spark  hardening  processes 
parameters  determines  by  complex  thermophysical 
and  mechanical  properties,  by  their  ability  to  suffer 
allotropic  transformation  at  high  temperatures,  by 
activity  of  chemical  interaction  with  elements  of 
gas  medium  [3],  Herewith  it  is  possible  to  find 
out  the  relation  between  metals  erosion  resistivity 
and  subatomic  links  strength,  which  describes  by 
the  lattice  rigidity  factor,  and  peculiarities  of  their 
electronic  structure  [4]. 

For  refractory  compounds,  distinguished  by 
high  significances  of  physical-mechanical 
properties,  at  all  does  not  reveal  any  correlation 
between  erosion  resistivity  and  metlting 
temperature,  module  of  normal  elasticity 
significances,  but  the  same  as  for  metallic 
materials,  one  can  clearly  see  a  relation  between 
erosion  resistivity  and  character  of  chemical 
bonding  in  crystal  lattice  [4], 

Considerably  more  complicate  is  a  govern 
task  by  level  of  erosion  properties  of  hard  metals, 
traditionally  using  for  aims  of  metallic  surfaces 
hardening.  So,  if  for  metals  erosion  resistivity  rises 
in  general  case  with  rise  of  melting  temperature, 
elastisity  module,  lattice  rigidity  factor,  and 
erosion  resistivity  of  refractory  compounds  lower 
on  comparison  with  metals  on  1-2  order  and 
decreases  when  degree  of  covalent  bonds  in 
crystal  lattice  enhances,  then  the  hard  metals  on 
level  of  erosion  resistivity  occupy  an  intermediate 
position  .  But  herewith,  on  one,  nor  maintenance 
of  metalic  dinder  content  in  limits  2-100  %,  nor 
particles  dispersion  of  hard  phase  in  interval  1- 
15  fi m,  noticeable  influence  on  erosion  resistivity 


level  of  hard  alloy  do  not  render,  and  on  other  their 
erosion  resistivity  can  change  in  2-4  once  after 
doping  not  more  than  0,5  %  additions,  which 
decrease  moistening  of  hard  phase  by  metalic 
binder[5],  on  order  reduces  when  alloy  porosity 
varies  in  the  region  0-35  %,  in  3-4  once  changes 
when  changes  an  electrode  transverse  section,  in 
once  or  twice  rises  after  treating  sintered  alloys  by 
current  impulses  100  A,  which  essentially  changes 
a  level  of  residual  stresses  in  electrode  material. 

Originating  from  said,  one  can  be  supposed, 
that  a  level  of  erosion  resistivity  of  different 
materials  classes  determines  by  their  destruction 
mechanism  during  spark  processing,  and  the 
changes  of  materials  erosion  resistivity  within  the 
pale  of  set  class  depend  on  that,  in  what  measure  a 
complex  of  physical-mechanical  properties  or 
external  influence  affects  change  of  destruction 
mechanism.  So,  metals  and  metallic  alloys  erode 
in  the  main  in  liquid  and  gas  phase.  The  erosion 
products  of  metallic  materials  lightly  fix  on 
undercoat  and  transfer  coefficient  K(K=increase  of 
cathode  mass/erosion  of  cathode  )  and  coverage 
continuity  achieve  100  %.  Refractory  compounds, 
which  have  inessential  on  comparison  with  metals 
plasticity,  erode  mainly  in  solid  phase.  Refractory 
compounds  erosion  products  of  shrapnel  form  and 
by  dimension  to  0,5  mm  badly  fix  on  undercoat 
and  even  having  comparatively  low  erosion 
resistivity  refractory  compounds  assurance 
coverage  continuity  not  more  than  30-50  %,  and 
significance  K  varies  in  range  2-35  %.  Attached  to 
transition  to  hard  metals,  combining  high  hardness 
of  refractory  compounds  and  metalic  binder 
plasticity  and  eroding  mainly  in  solid  phase,  in 
erosion  products  there  are  the  molten,  partially 
molten  and  of  shrapnel  form  particles,  but 
considerably  lesser  sizes.  This  determines  on  one 
high  erosion  resistivity  of  hard  metals,  and  with 
other  sufficiently  high  hardening  process 
effectiveness.  All  that  confirm  supposition  ,  that  a 
materials  destruction  mechanism  in  conditions  of 
spark  processing  mainly  determines  a  level  of  their 
erosion  resistivity  and  the  effectivity  of  hard 
alloys  spark  hardening  process.  This  process 
effectiveness  can  be  governed  only  by  mean  of 
those  influences,  which  causes  change  of  materials 
destruction  nature  during  spark  processing,  and  as 
a  consequence  an  aggregative  state  of  anode 
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material  erosion  products.  Just  by  this  reason  the 
effectiveness  of  methods  of  management  by  hard 
alloys  erosion  properties  determines  that,  in  what 
measure  they  change  strength  of  interphase 
boundaries.  All  traditional  modification  methods 
for  properties  of  hard  metals  do  not  allow  to  bring 
to  light  a  relation  between  erosion  resistivity  and 
state  of  interphase  boundaries  unambiguously, 
because  more  frequently  a  few  parameters,  such  as 
composition,  grain  size  of  carbide  phase  are 
variable.  A  method  of  high  energy  hot  pressing 
allows  essentially  to  change  strength  of  interphase 
boundaries,  while  other  parameters  are  constant. 
This  permits  to  establish  a  correlation  of  hard 
alloys  erosion  resistivity  with  the  strength  of 
interphase  boundaries.  For  this  method  a  heated 
hard  metal  preform  exposes  to  momentary  action 
of  high  pressure  (>lITIa).  For  alloys,  which  were 
heated  to  temperatures  beneath  temperatures  of  the 
dense  state,  such  action  leads  to  noteble  rising  of 
quantity  and  quality  of  interphase  contacts,  level  of 
mechanical  strength,  conductivity,  and  for  alloys, 
heated  to  more  high  temperatures  -  to  destruction 
of  early  formed  and  to  forming  of  new  structure 
and  complex  of  physical-mechanical  properties.lt 

is  interesting,  that  on  curves  Aa,  A*,  K  -f(CT ^Kic ) 
the  significances  of  erosion  properties,  of  alloys, 
produced  by  diverse  methods,  subjected  or  not 
consequent  heat  treatment,  are,  practically,  on  the 
same  curves  (Fig  1,2),  and  have  a  bend  in 
temperatures  range  1200-1250  °C.  This  confirms, 
that  the  processes,  which  take  place  at  these 
temperatures,  cardinally  change  not  only  level  of 
physical-mechanical  alloys  properties,  but  also 
mechanism  of  their  destruction  during  spark 
processing  and  anode  erosion  products  fixing 
mechanism.  The  experimental  data  shows,  that 
erosion  resistivity  of  hard  metals  depends  only 
upon  their  specific  resistance  (Fig.  3),  what  in  its 
turn  is  unambiguously  determined  by  interphase 
boundaries  quality.  All  above  mentioned  confirm 
the  idea,  that  only  destruction  mechanism 
designates  for  the  level  of  hard  metal  erosion 
resistance  and  we  can  suppose,  that  this  conclusion 
is  directly  relevant  to  other  materials  classes. 
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Fig.  1  Erosion  resistance  of  WC-16%Co  hard 
metals  vs.  their  transverse  rupture  strength 
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Fig.2  Erosion  resistance  of  WC-16%Co  hard 
metals  vs.  their  toughness 


Fig. 3  Erosion  resistance  of  WC-16%Co  hard  metals 
vs.  their  electrical  resistance 
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To  propertiy  study  fullerenes  and  fullercne- 
like  substances  it  is  often  necessary  to  calculate 
their  energetic  and  therm odinamic  characteristics 
[1,2].  Such  calculations  were  performed  by  means 
of  the  method  of  group  orbitals  of  the  linear 
combination  of  atom  orbitals  ( Go-LCAO)  [3,4], 

The  energetic  characteristics  of  fullerenes  and 
nanotubes  were  calculated  by  means  of  the 
method  of  group  orbitals  of  die  linear  combination 
of  atom  orbitals  (GO-LCAO),  its  many-cluster 
version  [3,  4],  The  results  obtained  were  associated 
with  the  available  related  data  [2,  5, 6] . 

On  the  base  of  the  data  on  calculation  of 
electronic  shectra  of  fullerenes  and  different  kinds 
of  nanotubes  [4],  such  energetic  characteristics  as 
die  surface,  contact  and  reaction  energies  were 
determined  The  surface  energy  (o)  was 
determined  as  the  difference  between  the 
atomization  energy  per  atot  and  the  energy  of 
removing  an  atom  from  defectively  diminishing 
surface  of  the  cluster  studied.  To  calculate  this 
energy,  the  nearest  bonds  were  substfitued  by  the 
bonds  in  the  second  coordination  sphere: 

a  =  Eg,  (1-C  /  (A  •  e”  +  B».  (1) 

Here  A  and  B  -  die  numbers  of  die  bonds  in 
die  first  and  second  coordination  spheres  (before 
an  atom  leaving  the  fullerene  surface), 
correspondingly;  C  -  the  number  of  the  bonds  in 
the  second  spherve  of  die  neighbouring  atoms;  e  - 
the  ratio  of  the  interatomic  distances  between  the 
central  atom  and  the  atoms  in  the  second  and  first 
coordination  spheres  (for  fullerenes  E  =  1,73;  A  = 
3;  B  =  6;  C  =  15);  E*  -  the  fullerenes  atomization 
energy;  n  =  2,06  +  0,005  -  empirically  adjusted 
index.  The  data  on  the  energies  calculated  are 
given  in  Tables  1  and  2.  Here  the  total  surface 
energy  is  reduced  to  the  area  occupied  by  one 
atom;  its  dimensions  being  eV/at. 

The  contact  energy  was  determined  as  the  energy 
of  sticking  absolutely  clean  surfaces  of  interacting 
bodies.  In  the  case  of  fullerenes  it  can  be  displayed 
by  lumpind  powders.  The  contact  energy  is  caused 


Table  1 


Total  (Fat),  surface  (a)  and  contact  (E^,,) 


Type 

cn 

3«ep 
ran  i 

c4 

c* 

C20 

C<so 

C90 

C240 

C900 

E* 

2,9 

3,8 

5?5 

6,9 

5,8 

4,4 

3,2 

a 

0,06 

0,08 

0,11 

5,1 38 

),116 

3,088 

0,064 

10*- 

E™ 

0,65 

0,84 

1,03 

1,57 

1,29 

0,98 

0,73 

Table  2 


Tobal  (Ea,),  surface  (a)  and  contact  (E^)  energies 
o  nanotubes  with  the  diameter  Dn,  ev/at 


Tmm 

Dd 

3ncp- 

ran 

D2 

d3 

d4 

Ds 

vvv*  "tl 

d6 

D* 

Dio 

E*r 

2,5 

5,5 

6,7 

5,0 

4,0 

3,5 

3,1 

a 

0,05 

0,11 

0,134 

),100 

0,08 

3,07 

3,060 

1042- 

E^ 

0,56 

1,22 

1,49 

Ml 

0,89 

0,78 

0,69 

by  Van  der  Waals  forces  which  are  inversely 
proportional  to  the  distance  between  interacting 
atoms  in  the  sixth  degree.  So,  when  the  interatomic 
distance  increases  from  the  smallest  covalent 
distance  up  to  the  interlayer  distance  (in  graphite), 
the  energy  decreases  by  150  rimes  with  increasing 
the  interatomic  distances  by  2,  3  times: 

EVEc  =  (cydcr  (2) 

Here  Ev  and  Ec  -  the  energies  of  Van  der 
Waals  and  covalent  interactions,  correspondingly; 
dv  and  <L  —  the  corresponding  interatomic 
distancev. 

Taking  into  account  the  relabion  (2)  and  the 
fact  that  die  atomization  energy  is  approrimately 
equal  to  the  covalent  interaction  erergy,  the 
conyact  energy  can  be  expressed  as  follows: 

EgD  =  EBt/(K150)  (3) 
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Here  K  -  the  multiplicity  of  decreasing  the 
coordination  number  after  the  passage  from 
covalent  to  Van  der  Waals  interactions  (for 
jullerenes  K=3).  The  data  on  the  contact  energy 
calculated  for  some  jullerenes  and  nanotubes  are 
given  in  Tables  1  and  2. 

The  data  show  that  die  contact  energy  of 
jullerenes  differ  not  so  much  from  that  of  interlayer 
interaction  in  graphite  (-0,016  eV/at).  But 
contating  surjaces  of  fullerenes  and  nfhotubes  have 
big  curvature,  which  explains  die  essential  degree 
of  looseness  of  nanomaterials. 

The  reaction  energy  (E,)  fullerenes  with 
respect  to  certain  substance  determines  energetic 
possibility  for  an  exorhermic  reaction  between 
them  to  occur.  This  energy  can  be  calculated  as  the 
difference  between  the  energy  of  bond  of  graphite 
with  the  corresponding  substance  (Emc)  and  the 
average  atomization  energy  (E^,)  of  the 
corresponding  fullerene  (or  nanotube)  and  metal: 


Er  ~  Emc  —  ■  Ejvj 
Eav  =  +  Em) 


(4) 


Some  of  the  energetic  characteristics  in  die 
case  of  inber action  of  fullerenes  with  potassium, 
yttrium,  titanium  and  iron  are  given  in  Tables  3 
and  4. 

Table  3 

The  atomization  energe  of  metal-carbon  bond, 
eV/at 


M 

Ei 

K 

Y 

Ti 

Fe 

E„ 

0,93 

3,91 

4,9 

4,3 

Ekk 

1,38 

6,78 

7,12 

2,88 

These  starting  data  for  calculation  of  the 
fullerene  reaction  energy  were  obtained  by  means 
of  the  GO-LCAO  method  [1].  The  validity  of  using 
them  was  testified  by  comparing  with  the 
corresponding  experimental  data,  the  discrepancy 
not  exceeding  ±10  %. 

Table  4 

The  reaction  fuller ene-metal  energy 


ca 

En,i 

c, 

Q 

c8 

C20 

C®) 

C76 

C240 

Ep,Y 

4,8 

2,42 

2,02 

1,57 

1,37 

1,52 

2,62 

EpTi 

4,67 

2,27 

1,87 

1,42 

1,22 

1,37 

2,47 

EpFe 

0,73 

-1?67 

-2,07 

-2,52 

-2,72 

-2,57 

-1,51 

Ep,K 

0,91 

-1,49 

-1,89 

-2,34 

-2,39 

-1,29 

These  data  shoun  that  fullerenes  can  react 
exothermalle  more  or  less  reliably  only  woth 
yttrium  and  titanium.  Interaction  with  iron  abd 
potassium  either  can”t  occur  or  occur 
endothermally  at  certain  changes  of  the  system 
entropy. 


CONCLUSION 

1 .  A  method  for  calculation  of  the  surface,  contact 
and  reaction  enerdies  of  fullerenes  was  worked 
out. 

2.  The  values  of  these  energies  were  calculated  in 
homogeneous  rows  of  fullerenes  and  nanotubev. 

3.  The  characteristics  calculated  were  shown  to  be 
associated  with  some  physical  and  chemical 
proparties  of  fullerenes  such  as  sticking,  defect 
formation  and  reactivity. 

LITERATURE 

1.  Ocnnsm  KXJL,  Kae^ep  B.B.  <J>yjuiepeHH  - 
HOBBie  BemecrBa  ajis  conpeMeHHoic  tcxhhkh. 
//  MarepHajiOBeAeHHe.  -N  1.  -KtteB,  1997. 
-C.2-6. 

2.  /Ihkhh  B.B.,  Ka6o  T.ft.  T epMOAfn raMHueciare 
CBoncTBa  (jjyjuiepeHOB  Q*.  h  C70.  //  Ycnexn 
xhmhh.  -T.  69  sun.  2.  2000.  -C.  107  -  117. 

3.  TopJorcB  K).M.,  KoBeucKaa  E.A., 

CaMCOHOB  T.B.  Pacuer  oneKrpoHHoro  cneicrpa 
coenHueiiMH  nepexoAHwx  MexannoB  mctoaom 
TO-JIKAO.  // j.  Science  of  Sintering,  Vol.10, 
spec.  Issue,  197S,  pp.  83  -  89. 

4.  FopHneB  KD.M.,  Chmuh  H.H.,  Ommca  JI.M., 

ffepHoropemco  A.B.  K  Bonpocy  o  cbjoh 
3JieicipoHHoro  crpoemw  h 

TCpMOAHHaMHUeCKHX  cbohctb  ^yjuiepeHOB.  // 
C6.  “3iieinpoHHoe  CTpoeHHe  h  CBOHerea 
TyroiinaBKMx  coe/iuneHHH  h  ciuihbob  h  mx 
Hcnojn»30BaHHe  b  MarepHanoBezteHHH”. 

Khcb  HHM  HAH  Yxp,  2000.  -C.  34  -  38. 

5.  BoMBap  R.A.,  fajibnepH  E.F.  O 
rHnorexHHecKHx  cncTCMax:  Kap6oAOAeKa3Ape, 
S-  HKOcaaApaHe  h  xap6o-  S-  mcocaanpe.  // 
RAH  CCCP,  -t  209,  -ft«3.  1973.  -C.  610  - 
612. 

6.  Cokojiob  B.H.,  CTaHKesm  H.B. 

<byjutepeHH  -  hobmc  ajuiorpoimbic  (J)opMW 
yriiepona:  crpyKrypa,  aneicrpoimoe  crpoeime 

H  XHMHUeCKHC  CB0HCTB3.  //  YdieXH  XHMHH. 

-t.  62  (5).  1993.  -C.  455. 


503 


II.  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 

 NEW  LEVEL  OF  PROPERTIES 


WEAKENING  OF  POROUS  TITANIUM-SILICEOUS 
CARBIDE  Ti3SiC2  AT  ACTIVE  AND  STATIC  LOADING 


Firstov  S.A.,  Ivanova  I.I.,  Pechkovsky  E.P. 

Institute  for  Problems  of  Materials  Science,  N.A.S.U.,  Kiev,  Ukraine 


By  methods  of  a  measurement  of  short-term 
and  long  hardness,  the  tests  on  uniaxial  compres¬ 
sion  and  fractography  researches  there  are  inves¬ 
tigated  regularities,  features  and  mechanisms  of 
processes  of  plastic  deformation  and  weakening  in 
an  interval  of  temperatures  20-1300  °C  of  ternary 
compound  -  titanium-siliceous  carbide  Ti3SiC2, 
obtained  by  a  way  of  a  solid-phase  reactionary 
sintering  with  values  of  a  porosity  6=0,05-0,5.  It  is 
shown,  that  there  are  three  temperature  intervals  of 
a  strain,  which  differ  by  mechanisms  of  a  course  of 
these  processes.  The  effects  of  dynamic  and  static 
weakening  will  increase  with  a  diminution  of  a 
porosity,  raise  of  temperature  and  magnification  of 
a  curing  time  under  a  load.  By  critical  values  of 
parameters  of  active  and  static  modes  of  loading, 
after  which  reaching  begins  weakening  and 
sharply  plasticity  is  increased,  are  temperature 
1 100  °C  and  curing  time  under  a  load  10  minutes. 

Fractography  examination  of  a  surface  de¬ 
stroyed  samples  with  a  porosity  6=0,28  had  shown, 
that  the  particles-grains  of  ternary  compound 
Ti3SiC2  have  the  shape  of  plates  by  thickness  1-2 
microns  and  cross  size  5-10  microns.  These  plates 
are  curved,  ramified,  polythickness,  with  salients 
and  dimples.  During  formation  and  growth  such 
flat  particles,  adjoining  among  themselves  in  dif¬ 
ferent  places,  realize  contacts  of  a  different  degree 
of  strength  -  from  negligible  touch  up  to  mutual 
intergrowth  with  formation  of  bridges-necks.  The 
presence  of  this  structure  element  in  porous  tita¬ 
nium-siliceous  carbide  is  its  essential  structural 
feature,  which  defines  features  of  a  plastic  defor¬ 
mation  and  fracture. 

The  plastic  deformation  in  this  material  is  re¬ 
alized  by  slide  of  edge  dislocations  in  basis  planes 
with  formation  of  pileups  [1],  The  overcoming  of 
resistance  of  a  crystal  lattice  and  other  hindrances 
on  trajectories  of  a  motion  of  edge  dislocations  un¬ 
der  influence  of  the  thermal  factor  (so-called 
crawling  in  adjacent  slip  planes)  can  happen  at 
temperatures,  which  ensure  a  diffusion  of  atoms  of 
a  crystal  lattice.  As  a  result  diffusion  mechanisms 
of  a  plastic  deformation  come  into  action. 

In  a  dense  material,  as  follows  from  [1],  a 
necessary  condition  of  embodying  of  a  plastic  de¬ 
formation  is  the  formation  of  cavities,  pores  on 


grain  boundaries.  In  a  material,  investigated  in  at 
present  work,  already  there  are  pores,  where  the 
moving  dislocations  can  go  out  and  thus  to  not  cre¬ 
ate  concentration  of  a  stresses,  i.  e.  the  necessity 
for  a  relaxation  of  a  stresses  by  power-intensive 
process  of  a  delamination  of  grains,  reference  for  a 
dense  state  [1],  disappears. 

At  test  for  an  uniaxial  compression  of  a  ma¬ 
terial  with  a  porosity  6=0,28  the  absence  of  macro¬ 
plastic  strain  is  noticed  in  an  interval  of  tempera¬ 
tures  T=20-600  °C  (Fig.l).  Above  this  temperature 


0,05 


0,00 


Fig.  1. 

there  are  in¬ 
dications  of 
macro  plastic 
strain,  which 
reaches 
quantity  of 
e=  6  %  at 
T=1000  °C.  It  means,  that  the  edge  dislocations 
have  gained  an  opportunity  to  transfer  in  adjacent 
planes  by  crawling,  i.  e.  atoms  of  a  crystal  lattice 
(and  vacancy)  became  to  diffuse  actively  [2]. 

After  reaching  critical  strain,  at  which  as  a 
result  of  crawling  edge  dislocations  in  adjacent 
planes  will  be  formed  highdisorienting  cellular 
structure,  the  activity  of  plastic  deformation  is  en¬ 
tered  by  one  more  factor  of  interaction  of  disloca¬ 
tions  -  there  is  an  annihilation  of  some  part  of  dis¬ 
locations  of  an  opposite  mark  in  cell  boundaries. 

The  annihilation  of  dislocations  gives  in  ad¬ 
ditional  slowing  down  of  rate  rise  of  a  dislocation 
density.  At  this  high  strain  temperature,  when  there 
are  ensured  raised  diffusion  mobility  of  atoms  of  a 
crystal  lattice  and,  accordingly,  intensive  crawling 
of  edge  dislocations,  the  velocity  of  an  annihilation 
of  dislocations  can  become  such  considerable,  that 
it  will  exceed  a  generation  rate  of  new  dislocations, 
-  there  will  be  lowering  an  integrated  dislocation 
density,  i.  e.  the  dynamic  weakening  takes  place. 
Accordingly,  at  T>1100  °C  on  a  strain-curve  at 
value  of  critical  strain  at  a  level  5-7  %,  is  observed 
noticeable  decline  of  a  flow  stress,  the  plasticity 
increases  up  to  e=30-40  %. 

Measurement  of  short-term  hardness  (t  =  1  min,  P 
=  10  N)  in  the  investigated  interval  of  temperatures 
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has  shown  (Fig.  2),  that  the  magnitude  of  hardness 
depends  on  conditions  of  production  of  a  porous 

Fig.  2. 

material,  de¬ 
creases  at  in¬ 
creasing  of  a 
porosity  and 
sharply  is  re- 

“  6  260  460  600  800  ioooj  °q  duced  at  ex¬ 
ceeding  T=800  °C.  Nevertheless  the  character  of  a 
temperature  dependence  remains  constant  [2]. 

Carried  out  the  thermosetting  analysis  of 
temperature  dependence  of  hardness  of  a  material 
with  different  values  of  a  porosity  has  shown,  that 
there  are  three  temperature  intervals,  which  differ 
by  values  of  an  activation  energy,  i.  e.  by  mecha¬ 
nisms  of  plastic  deformation  (Fig.3).  Their  bounda¬ 
ries  identical  to  a  different  porosity. 

Fig.  3. 


The  first  tem¬ 
perature  in¬ 
terval  is  ATi= 
20-800  °C. 

Here  har¬ 
dness  practi¬ 
cally  is  fixed. 

6  7  8  9  10  io4/t  In  basis  pla¬ 

nes  of  a  crystalline  lattice  the  sliding  of  edge  dis¬ 
locations,  activated  by  force  factor  happens,  the 
contribution  of  thermal  activation  is  insignificantly 
small.  The  interval  of  a  possible  strain  of  samples 
at  an  active  strain  is  -  from  microplastic  at  20  °C 
up  to  e  =  3  %  at  800  °C. 

The  second  temperature  interval  is  AT2=800- 
1050  °C.  The  value  of  an  activation  energy,  which 
makes  1,1  eV,  answers  an  energy  of  thermally  ac¬ 
tivated  formation  of  thresholds  (footsteps)  on  edge 
dislocations  by  migration  of  vacancies  in  these 
places  with  consequent  transition  of  footsteps 
along  a  line  of  a  dislocation  (diffusive- 
dislocation  mechanism).  A  strain  of  samples 
reaches  a  value  e  =6  %  . 

The  third  temperature  interval  is  AT3=1050- 
1300  °C.  Activation  energy  makes  2,6  eV,  that 
answers  of  an  activation  energy  of  migration  of  va¬ 
cancies  in  a  titanium.  Here  passage  (crawling 
over)  of  an  edge  dislocation  in  an  adjacent  plane 
happens  by  migration  of  vacancies,  which  were 
formed  along  all  line  of  a  dislocation  in  places  of 
intersection  with  other  edge  dislocations,  and  also 
owing  to  a  diffusion  of  titanium  atoms,  that  is  the 


diffusion  mechanism  of  plastic  deformation  is  car¬ 
ried  out.  A  common  strain  of  samples  reaches  e  = 
30-50  %  . 

Study  of  long-term  hardness  H  (t  =  1-60 
minutes)  has  shown,  that  the  weakening  process  of 
this  material  in  a  temperature  interval  800-1200  °C 
in  time  t  for  each  concrete  temperature  can  be  cir¬ 
cumscribed  by  the  equation  of  a  type  H  =  a  t 'm, 
where  a  -  constant,  m  -  weakening  index.  It  has  en¬ 
abled  to  receive  a  temperature  dependence  of  a 
weakening  index  m  for  each  concrete  value  of  po¬ 
rosity  of  a  material  (Fig.  4),  i.  e.  to  express  weak¬ 
ening  effect  quantitatively. 

It  is  visible,  that  the  magnification  of  a  poro- 


Fig.  4. 

sity  deceler¬ 
ates  the  wea¬ 
kening  proc¬ 
ess  of  a  mate¬ 
rial.  With  a 
raise  of  tem¬ 
perature  the 
effect  of  a 


relaxation  of  stresses  is  increased.  In  a  temperature 
interval  T=800-1100  °C  this  increasing  happens 
practically  to  a  steady  speed ,  but  at  T>  1 100  °C  it 
sharply  will  increase. 

The  thermosetting  analysis  of  temperature 
dependence  of  hardness  in  an  interval  of  tempera¬ 
tures  800-1200  °C  for  each  indicated  curing  time 
of  indenter  under  a  load  (1,  5,  10,  20,  30,  60  min) 
has  shown  the  following. 

In  a  temperature  interval  800-1050  °C  the 
intensity  of  weakening  poorly  accrues  in  time  and 
does  not  depend  on  a  porosity:  the  values  of  an  ac¬ 
tivation  energy  do  not  exceed  1  eV,  that  is  pre¬ 
dominate  dislocation  mechanisms  of  plastic  de¬ 
formation. 

In  an  interval  of  temperatures  1050-1200  °C 
take  place  sharp  increasing  of  intensity  of  weak¬ 
ening  both  on  an  absolute  value,  and  on  a  velocity 
of  its  increasing,  and  it  is  exhibited  in  the  greater 
degree  for  a  material  with  a  smaller  porosity.  Here 
magnitude  of  activation  energy  reaches  values, 
which  exceed  4  eV,  -  that  is  the  diffusion  mecha¬ 
nisms  of  plastic  deformation  are  carried  out. 

1.  Barsoum  MW  /  Prog.  Solid  St.  Chem.  -  2000. 

-  Vol.  28.  -  P.  201-281. 


2.  Brodnikovskyy  N.P.,  Burka  M..  P,  Demidik  A. 
N,  Ivanova  I.I.,  Pechkovsky  E.P.,  Polushko 
G.P.,  FirstovS.A.  /Intern.  Conf.  «Adv.  Ceram, 
for  Third  Millen.»,  Kiev,  2001.  -  P.  115,  116. 
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INFLUENCE  OF  TRIBOSYSTEM  COMPONENTS  ON  THE  FRICTION 
BEHAVIOR  OF  Al-Cu-Fe  QUASICRYSTAL 


Grinkcvych  K.E.,  Lotsko  D.V.,  Milman  Yu.V.,  Bykov  O.I.,  Shurygina  Z.P.,  Ponomarev  S.S., 

Bilous  A.M.,  Yefimov  M.O. 
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Quasicrystals,  Al-Cu-Fe  in  particular,  arc 
known  as  having  a  very  low  dry  friction  coefficient 
p,  but  it  strongly  depends  on  characteristics  of  the 
tribo-system  and  friction  conditions.  Thus,  the 
lowest  p  «  0.05  was  obtained  for  sintered 
specimens  of  Al-Cu-Fe  quasicrystal  when  using  a 
diamond  indenter,  but  for  indenters  of  cemented 
carbide,  alumina  or  bearing  steel  p  increased  3-4 
times  [1].  So  did  testing  Al-Cu-Fe  coating  that  was 
of  rather  high  porosity  [2].  Though  quasicrystals 
arc  macroscopically  brittle  at  room  temperature, 
signs  of  microplasic  deformation  were  found  in 
friction  tracks  [1].  It  was  supposed  that  low  friction 
of  diamond  indenters  might  be  caused  by  the 
formation  of  graphitic  surface  layer  [1],  i.e.  the 
form  of  carbon  in  contact  layers  may  be  of  a  great 
importance  in  quasicrystal  friction.  A  very 
important  role  of  carbon  was  noticed  earlier  for 
friction  of  bearing  steel,  where  by  special  carbon 
additions  to  the  lubricant  the  formation  of  graphite- 
diamond  films  in  friction  surface  was  observed, 
and  p  was  lowered  to  about  0.08  [3], 

In  this  work  we  present  the  results  of  studying 
the  friction  of  an  Al-Cu-Fe  quasicrystalline 
specimen  with  the  application  of  various  carbon 
additions  to  the  lubricant.  The  experiment  was 
carried  out  in  an  original  tribocomplex  CATC  [4] 
developed  in  the  IPMS. 

The  specimen  was  manufactured  from  powder 
(+63-100)  pm  produced  by  water  atomization 
technique  [5].  The  content  of  oxygen  in  powder 
was  about  1.5  %.  The  specimen  20  mm  in  diameter 
and  6  mm  in  height  was  compacted  under  a  high 
quasihydrostatic  pressure  of  4  GPa  at  a 
temperature  of  about  700  °C.  Due  to  temperature 
gradients  during  pressing  two  regions  with 
different  porosities  were  formed  in  the  specimen: 
region  A  with  greater  porosity  0  =  7.7  %  and 
smaller  average  pore  diameter  D  =  36  pm  and 
region  B  with  0  =  4.5  %  and  D  =  74  pm.  In  order 
to  obtain  a  single  icosahedral  phase  of  the 
composition  close  to  Al63Cu25Fei2  the  specimen 
was  annealed  in  vacuum  furnace  at  700  °C  for  2h. 
Specimen  surface  was  mechanically  polished. 

Dry  friction  was  carried  out  by  the  scheme 
“sphere-plane”  by  indenters  with  spherical  tips 


6  mm  in  diameter  of  4  kinds:  ball  bearing  steel 
ShKh-15,  silinite  Si3N4,  sintered  carbides  WC1 
(WC  -  6  %Co)  and  WC2  (WC  -  2  %Co  -  15%TiC). 
The  indenter  was  moving  by  a  reciprocating  way 
along  the  track  8  mm  in  length  with  a  velocity  of 
0.013  m/s  under  a  load  P  =  28  N.  The  wear  (I)  was 
characterized  by  the  depth  of  the  friction  track 
measured  in  a  profilometer  in  20  min  after  starting 
the  experiment  (after  975  cycles).  The  friction 
force  (F)  was  measured  by  a  dynamometer  in  1,3, 
5,  10,  15,  and  20  min  after  experiment  starting,  and 
the  average  value  was  determined.  Hardness  was 
measured  by  a  Vickers  diamond  indenter  with  a 
load  of  2  N.  Tracks  were  studied  in  Auger 
spectrometer  JAMP-10S. 

Hardness  of  the  sample  was  rather  non- 
uniform  evidently  due  to  the  porosity  and  achieved 
800  MPa.  Hardness  HVj  of  all  indenters  was  higher 
(Table  1). 


Table  1.  Characteristics  of  dry  friction  and  friction 
with  lubricants  of  Al-Cu-Fe  quasicrystal 


Indenter 

HVj, 

MPa 

Region  A 

Region  B 

I,  pm 

F 

I,  pm 

F 

Steel 

870 

1.83 

0.21 

1.73 

0.21 

WC1 

1720 

20.9 

0.49 

WC2 

1987 

2.88 

0.38 

Si3N4 

1970 

19.4 

0.68 

20.2 

0.52 

Si3N4  wit 

h  1-20 

8.83 

0.111 

17.83 

0.086 

Si3N4  with  LP 

1.83 

0.065 

6.67 

0.05 

Friction  tracks  consisted  of  smooth-faced  areas 
1  and  of  fractured  areas  2  (Fig.  1). 


Fig.  1.  Track  of  dry  friction  by  Si3N4,  region  A 
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The  lowest  value  of  I  and  |ll  in  dry  friction  by 
steel  is  evidently  explained  by  the  fact  that  a 
noticable  wear  of  the  steel  indenter  took  place,  and 
destroying  energy  was  redistributed  between  two 
components  of  the  tribocouple.  Other  indenters 
showed  no  signs  of  wearing  out,  and  an  increase  of 
seizure  could  take  place  in  these  cases:  thus,  in 
works  [1,6]  Al,  Cu  and  Fe  were  clearly  detected  in 
the  surface  of  WC-Co  indenter,  and  the  transfer- 
retransfer  mechanism  was  proposed.  As  the  reason 
for  fracture  the  development  of  tensile  stress  close 
to  the  contact  area  was  given.  For  friction  by  WC2 
containing  an  admixture  of  TiC  wear  is  7  times 
lower  than  in  the  case  of  WC1  in  spite  of 
appreciably  higher  hardness  of  WC2.  Evidently,  it 
is  a  consequence  of  a  known  action  of  TiC  as  a 
hard  lubricant. 

The  content  of  carbon  in  track  surface  was 
characterized  by  the  ratio  of  Auger  peaks 
intensities  of  C  and  Al  that  for  dry  friction  after 
slight  etching  by  argon  ions  were  equal  to  3.69, 
4.4,  3.13  and  1.04  for  four  used  indenters  (Table  1) 
respectively.  Note  the  highest  level  of  C  for  the 
case  of  WC2  with  small  wear  and  the  lowest  level 
of  C  for  Si3N4  with  high  wear.  For  further 
experiments  with  carbon-containing  lubricants  we 
have  chosen  the  indenter  Si3N4  as  not  facilitating 
carbon  absorption.  In  Table  1  there  are  given  the 
results  of  friction  by  this  indenter  with  two  kinds 
of  lubricants:  a  usual  industrial  oil  1-20  and  liquid 
paraffin  LP. 

Different  effects  of  two  lubricant  oils  can  be 
explained  by  their  different  surface  activity.  For 
local  pressure  and  temperature  flashes  while 
friction  a  destruction  of  hydrocarbons  with  the 
formation  of  free  radicals  is  characteristic  for  a 
majority  of  industrial  petroleum  oils  [7],  and  for 
this  reason  they  demonstrate  a  rather  high 
Rebinder  effect  that  intensifies  material  fracture. 
Liquid  paraffin  has  alkane  cycles  that  are  very  hard 
to  destroy,  and  therefore  it  has  a  very  small  surface 
activity.  That  permitted  to  lower  the  value  of  p  to 
about  0.05.  It  is  seen  a  large  difference  of  I  and  p 
in  regions  A  and  B.  A  reason  could  be  intensifying 
the  Rebinder  effect  in  coarse  pores  of  region  . 

Inactive  liquid  paraffin  was  chosen  for 
studying  the  influence  of  carbon  additions  to  the 
lubricant.  They  were:  expanded  graphite  EG 
obtained  by  intercalation  process  in  the  form  of 
particles  with  very  thin  lamellar  “scrub”  [8];  highly 
dispersed  amorphous  carbon  HDAC  [3];  highly 
dispersed  diamond  HDD  (particle  size  less  than 
1  pm).  Their  influence  on  the  friction  parameters 
are  seen  from  Table  2.  Experiment  was  canned  out 
in  the  region  A. 


Table  2.  Influence  of  carbon  additions  on  friction 
characteristics  of  the  trybo-system  quasicrystal  - 
Si3N4  -  liquid  paraffin,  region  A 


Characteristic 

EG 

HDAC 

HDD 

I,  pm 

8.1 

2.72 

1.99 

_ M _ 

0.089 

0.079 

0.04 

In  smooth  parts  of  friction  tracks  obtained  with 
these  additions  the  C/Al  ratio  in  Auger  spectra  was 
7.82,  7.28  and  17.5  respectively,  and  in  the  track 
without  additions  it  was  about  9.  I.e.  in  the  case  of 
diamond  addition  carbon  adhesion  was  extremely 
high,  and  other  carbon  additions  gave  no  additional 
adhesion.  The  shape  of  carbon  spectral  line  in  all 
cases  corresponded  to  amorphous  state  of  carbon. 

It  is  seen  that  the  influence  of  carbon  on 
friction  and  wear  of  Al-Cu-Fe  quasicrystal  strongly 
depends  on  its  form.  Thus,  thin  graphite  lamellas  in 
the  form  of  a  scrub  instead  of  lubrication  effect 
facilitated  the  increase  of  fractures  in  the  track,  and 
only  the  addition  of  diamond  led  to  the  formation 
in  it  of  lengthy  smooth  areas.  Moreover,  only  in 
this  case  small  pile-ups  in  track  edges  were  found 
in  track  profile  that  testifies  to  quasicrystal 
microplasticity.  We  can  suppose  that  in  this  case  a 
phase  transformation  to  a  more  plastic  phase  took 
place  like  the  case  of  Al-Cu-Fe  indentation  by 
diamond  indenter  [8].  Evidently,  the  mechanism 
of  diamond  effect  on  lowering  the  friction 
coefficient  is  not  the  graphitization,  but  a  very 
str  ong  adhesion  of  carbon  by  track  surface. 
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To  implants  materials  the  heightened 
demands,  especially  to  their  stiffness  and  strength 
are  made.  As  such  materials  the  metals  and  their 
alloys  are  applied.  However  they  have  deficiencies. 
It  is  poor  biological  compatibility  and  difference  in 
implant  content  and  mechanical  characteristics 
from  tissues  of  an  organism.  The  prostheses 
perceive  on  themselves  the  main  part  of  the 
loading  applying  to  the  construction  body-implant. 
At  the  same  time  stresses  having  in  the  bone  are 
the  stimulus  for  its  growth.  The  insufficient 
loading  results  the  bone  tissue  resorption  and 
shaking  of  the  prosthesis. 

The  problems  solution  is  possible  in  several 
directions.  At  first,  this  is  the  definition  of  the 
optimum  correlation  between  properties  of  the 
material  and  his  maximal  biological  compatibility. 
Secondly,  it  is  optimization  of  a  prostheses 
construction.  And  at  last  an  application  of  new 
technologies  of  implants  preparing  is. 

As  the  material  of  prostheses  it  is  perspective 
to  use  the  nanostructural  biologically  pure 
titanium.  This  material  can  be  obtained  with  usage 
of  intensive  plastic  deformation  methods.  The 
material  has  high  surface  strength  and  low  elastic 
modulus.  Biological  compatibility  is  also  highly. 

Perspective  direction  is  the  application  of  so- 
called  bioactive  ceramic  materials.  Their  basis  is 
the  synthetic  analog  of  the  mineral  basis  for  the 
bone  tissue  -  hydroxyapatite  [1],  These  materials 
are  included  after  the  implantation  in  a  metabolism 
of  the  organism  and  allow  refreshing  completely 
structure  and  properties  of  considerable  volumes 
lost  bone  tissues. 

The  biological  compatibility  can  considerably 
be  increased  by  coating  deposition  on  the  implant’s 
surface.  The  most  perspective  are  diamond-like 
carbon  coatings  with  given  structure  and 
properties.  These  coating  have  properties  similar  to 
natural  diamond.  They  are  not  only 
thromboresistant,  but  also  the  biologically 
compatible  to  blood  cells. 

The  prostheses  construction  optimization  is 
possible  on  the  basis  of  modem  computer 
modeling  methods. 


The  application  of  integrated 
CAD/CAM/CAE  system  is  perspective.  Except  the 
traditional  CAD  system  being  used  for  designing 
of  the  implants  shape,  it  is  necessary  the  special 
system.  The  special  CAD  system  allows  building 
three-dimensional  geometrical  organ  model  on  the 
basis  of  sections  obtained  by  a  method  of  the 
computer  tomography  [2],  Because  of  the 
complicated  geometry  of  these  parts,  modeling 
requires  analysis  preprocessors  capable  of  handling 
higher  order  spline  curves  to  form  complex 
volumetric  entities  representing  human  anatomy. 

The  demands  also  are  made  to  CAE  system 
of  a  numerical  modeling  (the  finite  element 
method  is  usually  used).  Finite  element  modeling 
of  biomedical  parts  presents  a  special  challenge  to 
stress  analysts.  The  actual  properties  of  materials, 
both  alive,  and  lifeless  nature,  should  be  used.  The 
nonisotropic  nature  of  some  materials  used  in 
biomedical  parts  requires  use  of  orthotropic 
elements  with  differing  material  angles  [3]. ' 

The  analysis  of  stress-strain  state  of  a 
construction  allows  to  reveal  the  most  dangerous 
areas  and  to  found  the  optimum  implants  shape. 
The  computer  modeling  allows  also  finding  the 
implant  material  with  optimal  combination  of 
properties. 

The  use  of  CAM  system  allows  at  once 
making  the  prosthesis  of  a  necessary  construction. 

The  application  of  new  materials  requires 
making  technologies  of  preparing  the  materials  and 
the  implants  from  them.  It  is  powder  metallurgy 
and  metal  forming  processes. 

The  use  of  analyzed  above  methods  allows 
making  implants  with  more  high  level  of 
properties. 
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One  of  the  most  intensively  developing 
direction  of  modem  physics  is  connected  with  the 
discovery  and  investigations  of  a  new  carbon 
allotropic  form  -  fullerens.  The  pseudospherical 
molecule  of  C®  about  0.7  nm  in  diameter 
possesses  the  structure  of  the  regular  tmneated 
icosahedron  with  carbon  atoms  situated  in  the 
apexes  of  20  hexagons  and  12  pentagons.  The  solid 
form  of  Cgn,  fullerite,  was  discovered  in  1991.  In 
fullerite  the  C6>,  molecules  are  connected  by  Van 
der  Waals  forces  and  form  the  close-packed 
structures.  X-ray  diffraction  studies  of  the  C6o 
fullerite  powder  have  shown  that  the  fullerite 
structure  is  face-centered  cubic  (f.c.c.)  with  cell 
parameter  a  =  1.416  nm.  Fullerite  C6o  thin  films  on 
a  NaCl  substrate  at  room  temperature  consisted  of 
very  fine  grains  with  f.c.c.  structure.  These  films 
possess  the  f.c.c.  structure  with  stacking  faults.  At 
the  same  time  it  has  been  shown  that  two  phases, 
hexagonal-close-packed  (h.c.p.)  and  f.c.c.,  could 
coexist  in  fullerite  thin  films. 

In  this  report  the  results  of  the  Cso  fullerite 
thin  films  structure  investigation  are  presented  [1- 
3],  The  films  were  prepared  by  vacuum  thermal 
evaporation  and  deposition  on  a  KC1  substrate.  The 
C6o  pow'der  of  99%  purity,  free  of  a  solvent 
contamination  was  used.  The  temperature  of  the 
substrates  was  measured  by  a  thermocouple  and 
was  held  between  room  temperature  and  570  K. 
After  deposition  the  fullerite  films  were  coated 
with  carbon  and  then  separated  from  a  substrate  in 
distillated  water  and  investigated  in  a  transmission 
electron  microscope  at  accelerating  potential  of 
100  kV.  The  investigations  revealed  the 
dependence  of  a  thin  film  structure  on  the  substrate 
temperature.  At  room  temperature  fine  grained 
films  with  very  diffuse  Debye-Scherrer  rings  on 
selected  area  electron  diffraction  (SAED)  were 
observed.  At  elevated  temperature  grain  size 
increased  up  to  0. 1-0.3  pm  and  a  well-defined 
diffraction  pattern  could  be  observed  (Fig.  1).  In 
both  cases  the  Debye-Scherrer  rings  can  be 
indexed  by  a  f.c.c.  lattice  with  a  -  1 .43  nm.  When 
the  temperature  of  the  substrate  was  370-420  K  the 
individual  C6o  particles  could  be  observed  at  the 
first  stage  of  a  thin  film  formation.  Two  types  of 


C6o  plates  were  observed:  hexagonal  or  truncated 
triangular  crystals  and  particles  with  irregular 
shapes  like  petals. 


Fig.  1 


Both  types  of  the  C60  particles  are  single  crystals 
and  give  the  point  SAED  according  with  the  f.c.c. 
lattice.  The  most  clear  diffraction  pattern  was 
observed  for  the  hexagonal  or  truncated  triangular 
particles  with  marked  extinction  contours  in  form 
of  six-pointed  star.  For  such  particles  a  SAED 
pattern  corresponds  to  a  [111]  zone  axis 
confirming  that  the  close-packed  plane  (111)  of  the 
f.c.c.  lattice  is  oriented  parallel  to  a  substrate 
surface.  The  electron  images  of  some  individual 
fullerite  particles  and  especially  grains  of 
continuous  thin  films  (Fig.2)  revealed  the 


Fig.2. 
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stacking  faults  or  twin  boundaries.  The  amount  of 
these  defects  increases  with  rise  of  the  substrate 
temperature  The  corresponding  SAED  with  a 
[111]  direction  perpendicular  to  an  incident 
electron  beam  presented  in  Fig. 3.  Two  types  of 


reflections  are  observed  on  this  pattern.  The 
reflections  with  L0=3N  (Lo=h+k+l,  N-integer)  such 
as  (111).  (422)  and  other  in  each  third  row  oriented 
along  [111]  are  not  changed  and  take  correct 
places  in  a  reciprocal  lattice.  Other  reflections  with 


333 

242 


L0=3N±1  are  shifted  from  the  correct  positions  and 
are  stretched  along  [111],  The  shift  direction 
depends  on  sign  m  L0=3N±1  and  is  opposite  for 
these  two  rows  (Fig. 4).  The  reflections  with 


L0-3N±1  are  stretched  up  to  the  formation  of  the 
continuous  streaks  or  rods  of  intensity  Such 
electron  diffraction  picture  gives  evidence  of  the 
stacking  fault  formation  in  C6n  fiillerite  thin  films. 
The  more  detailed  study  of  the  intensity  rods 
reveals  the  lot  of  separated  spots  that  confirms 
some  correlation  between  stacking  faults  Such 
SAED  is  also  typical  for  a  mixture  of  different 
polytvpcs  in  a  close-packed  stmeture. 

The  change  of  the  fullerite  cry  stal  structure 
during  grinding  in  vibratory  mill  was  investigated. 
The  diffractograms  of  the  fullerite  powders  treated 
in  vibratory  mill  for  different  time  are  presented  in 
Fig. 5.  For  the  X-ray  diffractograms  analyses  Full 


X-ray  diffractograms  of  milled  fullerite 


Profile  Rietveld  method  version  3.5  was  used.  The 
line  profiles  were  described  by  the  pseudo-Voigt 
function.  The  preliminary  analyses  indicated  that 
the  line  broadening  is  connected  with  size  effect. 
The  best  coincidence  of  the  experimental  and 
theoretical  diffraction  profiles  was  achieved  for 
such  structural  parameters:  the  f.c.c.  lattice  ( a  = 
1,41  nm)  ;  preferred  orientation  -  plate  like 
mosaic  blocks  with  habits  (113)  and  block  size 
(normal  to  habit)  decreasing  from  20  nm  to  2nm  at 
grinding  time  increase  from  0.5  to  45  min. 
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The  using  of  solar  heating  is  the  unique 
possibility  of  both  studying  of  influence  of 
high  temperature  (more  than  3000°C)  into 
material  in  the  air  and  one-sided  and  easy 
regulated  inertialess  character  of  heating.  At 
this  work  the  surface  heating  of  sialon 
ceramics  by  the  concentrated  flow  of  solar 
radiation  has  been  used  for  the  investigation  of 
high-temperature  corrosion  stability  both  pure 
sialon  and  sialon  with  covering.  It  was 
necessary  to  determine  the  influence  of  radial 
heating  into  the  corrosion  properties  and 
structure  conditions  of  ceramic  based  on  sialon 
Z2  with  (Ni-Cr-Al),  (Ni-Fe-Al)  coverings  and 
(TiN-TiB2)  covering  through  the  sublayer  of 
(Ni-Cr-Al)  and  (Ni-Fe-Al).  Specimens  were 
obtained  by  the  hot  pressure  method  and 
coverings  were  put  directly  before  the 
influence  of  solar  radiation.  Different  regimes 
of  heating  were  used  with  the  modifying  of 
angle  of  opening  of  jalousies  and  time  of  affect 
of  radiation.  Temperature  in  the  zone  of 
heating  and  heat  flow  were  measured.  Tested 
specimens  were  investigated  by  metallography, 
X-ray  and  petrography  methods. 

Ceramics  are  known  to  have  low  heat 
conductivity  and  low  physical  interaction  with 
metals.  By  the  method  of  wetting  were  chosen 
the  composition  of  covering  with  high 
adhesive  properties  to  the  ceramics.  This 
covering  has  both  high  adhesive  properties  and 
does  not  chemically  interact  with  the  chosen 
ceramics.  As  the  materials  of  covering  were 
chosen  metallic  alloys  based  on  (Ni-Cr-Al)  and 
(Ni-Fe-Al).  They  have  high  adhesive 
properties  to  (TiN-TiB2)  and  to  sialon 
ceramics. 

Due  to  the  fact  that  interaction  occurs  in 
the  air,  corrosion-proof  phases  can  be  formed 
as  a  result  of  high-temperature  oxidation. 


It  was  shown  by  the  investigation  that  structure 
formed  on  the  sialon  surface  is  non- 
homogeneous  across  the  diameter  of  heating 
spot.  In  the  central  part  where  the  density  of 
capacity  of  solar  flow  is  higher  the  interaction 
during  the  process  of  crystallization  from  the 
melt  occurs. 

According  to  the  X-ray  analysis  the  main 
phases  formed  during  the  interaction  amongst 
the  material  of  specimen  , composite  coverings 
and  oxygen  are  mullite  AFSiCU  and  solid 
solutions  of  (Fe,Cr)203,  (Cr,Al)203,  NiCr204, 
FeTiCX.  The  formation  of  these  phases  in  the 
surface  level  is  the  result  of  interaction 
between  the  components  of  the  specimen, 
components  of  sublayer  and  coating  in  the 
condition  of  high-temperature  interaction  of 
concentrated  solar  radiation  in  the  air. 
Nonevent  distribution  of  temperature  of  heat 
flow  in  the  zone  of  heating  leads  to  the 
formation  of  crater  and  melting  of  material  in 
the  center  of  the  spot.  The  formation  of 
Al2Si05,  (Cr,Al)203,  FeCr204,  NiCr04, 
FeTiCX,  FeAFCU  compounds  on  the  covered 
sialon  surface  makes  for  the  creation  of 
composite  material  with  high  corrosion-proof 
properties  due  to  the  formation  of  solid 
solutions. 

The  measure  of  microhardness  of  formed 
coating  spot  showed  that  it  increases  from  the 
edge  to  the  center  .  It  connects  with  the 
formation  in  this  field  of  strengthening  phases 
based  on  solid  solutions  . 

It  was  shown  that  formed  coatings  of  (Ni- 
Cr-Al),  (Ni-Fe-Al)  and  (TiN-TiB2)  can  be 
recommended  as  high-temperature,  corrosion- 
proof  coverings  for  sialon  ceramics. 
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Properties  and  cost  of  fillers  play  important  role  in 
creating  compositional  antifriction  polymer  based 
materials. 

It  is  known  that  with  the  aim  of  the,  materials 
price  reduction  their  creators  seek  to  use  as  a 
filler  natural  materials. 

However  such  materials  possess  heightened 
hydrophilic  wich  has  negative  influence  on 
materials  properties. 

The  aim  of  this  work  is  to  investigate  possibility 
of  filler  hydrophobisation  by  their  treatment  with 
siliconorganic  compounds  and  to  estimate  this 
treatment  influence  on  composition  properties. 

As  fillers  marshalit  and  trinoly  (Pervozvansk  and 
Crimean  layers),  wich  have  wide  using  for 
industrial  compositions  production,  were  used. 

As  binding  substances  epoxy  and  nolycther 
resins  were  used. 

As  hydrophoby  substances  polyethilenhydrosiloxa 
ne  liquid  GKG-  94  were  used.  Fillers  powders 
treatment  was  performed  in  ball  mill. 

For  different  fillers  specific  surface  was 
performed. 


Modifire  addition  influence  on  physico  - 
mechanical  properties  of  compositions  was 
estimated  by  moistureabsorbtion  value  and 
bending  strength  changes. 

It  was  estimated,  that  additional  GRG-  94 
increased  spesific  surface  of  filler.  At  equal 
treatment  time  in  ball  mill  increasing  of  specific 
surface  was  eqnal  from  360  to  1540  cm  2/g.  It  was 
shown,  that  0,16  %  of  siliconorganic  addition  is 
optimum. 

It  is  shown,  that  after  GKG-  94  addition 
moistureabsorbtion  of  investigated  filler  decreased 
in  2,2  -  2,6  time.  Polymer  composition, 
wicontaine  hydrophobic  fillers,  after  7  day 
standing  in  moisture  area  absorbed  in  2.5  -  3  time 
smaller  moisture,  as  composition  withont 
modification. 

It  was  establish,  that  existence  GKG-  94  in 
composition  led  to  bending  strength  rise  with 
modificator  content  increasing. 

Bending  strength  achieved  maximum  value  at  0,16 
%  GKG-  94  contant.  General  increase  of  filled 
models  strength  was  equal  22-31  %. 

It  is  shown,  that  siliconorganic  additions  make 
better  properties  of  compositional  materials. 
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A  different  methods  is  used  of 
fabrication  the  layered  composite  ceramic 
materials  [1].  The  direct  rolling  of  dry  ceramic 
powders  has  a  series  of  advantages  in 
comparison  with  such  methods  as  a  slip 
casting,  a  tape  casting  (a  "doktor  blade" 
method[2]).  Principal  advantage  is  that  rolling 
it  is  precision,  continuous,  controlled  process, 
and  besides  during  rolling  the  smaller  amount 
of  the  binding  agents  will  be  utillized,  that 
diminishs  contaminating  a  finished  product. 
In  the  course  of  rolling  it  is  possible  to  regulate 
a  thickness  and  density  of  tapes[3].  Therefore 
frequently  the  castcd  tapes  are  densified  by 
consequent  rolling  [4].  The  rolling  of  plastic 
fine  ceramic  masses  is  circumscribed  in 
operation  M.  Menon,  I-W.  Chen[5].  The 
opportunity  of  deriving  by  this  method  of 
stratified  ceramic  materials  with  a  high  level 
of  properties  was  shown.  The  constraining 
factor  of  wide  application  of  the  direct  dry 
ceramic  powders  rolling  is  the  low  green 
mehanical  strength  (adaptability  to 
manufacture)  of  rolled  tapes.  If  the  tensile 
strength  casted  and  dried  up  tapes  makes  12- 
22  MPa,  the  strength  of  green  rolled  tapes  at 
a  trial  on  cut  makes  only  0,5  -0,6  MPa  [6].  It 
is  connected  that  in  a  rolled  tape  the  porous 
structure  is  the  sameas  in  not-formed  powder. 
The  connection  strength  in  places  of  contact 
of  the  binding  agent  is  not  great  because  of  its 
bad  adhesion  in  solid  state  at  rather  low 
temperatures.  As  a  solution  the  binding  agent 
has  a  heightened  adhesion  as  to  ceramic 
alternate  particles  and  among  themselves. 
Therefore  semi-dry  ceramic  powder  rolling  can 
give  good  results.  However  this  method  of 
moulding  yet  is  little  investigated.  In  the  work 
[6]  was  investigated  a  rolling  tapes  that  include 
up  to  9  mass.  %  of  solvent  in  the  binder. 

In  the  present  work  the  mixture  of  a 
powder  AbOs  grade  Permalox  12  of  adamant 
with  binder  (10  %  a  solution  polyvinilbutiral  in 
ethanol)  rolled.  Total  amount  of  binder  in 
mixture  made  20  mass.  %.  On  rolls  with  the 
diameter  of  26,8  mm  the  tapes  in  width  150 
mm  and  thickness  from  0,25  up  to  0,125  mm 
has  obtained.  Porosity  of  tapes  made  from  35 


up  to  14  %  accordingly.  At  the  further 
increase  of  a  density  on  a  tape  occurred 
sinuosity  (as  during  hot  rolling  of  a  lead 
powder).  The  further  increase  of  a  density 
results  in  an  adhesion  and  damage  of  a  tape. 
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Objective  condition  of  a  heightening  of  thickness 
of  an  electrospark  stratum  on  the  cathode  is  the 
amplification  of  erosive  destruction  of  the  anode 
under  an  operation  of  electrical  discharge  [1],  It  is 
known  that  the  low  erosive  resistance  characterizes 
contacts  and  electrodes  containing  in  tire  structure 
graphite  [2],  With  allowance  for  this  fact  we 
carried  out  comparative  researches  of  electrodes 
from  cast  silver  and  composition  Ag-C,  from  a 
point  of  view  of  correlation  of  their  electrical 
erosion  with  performances  mass  transfer  at 
drawing  electrospark  coverage,  and  also  with 
morphology  and  structure  of  shaped  layers. 

Drawing  of  coverage  realized  with  the  help  of 
installations  "3jnnpoH-12"  and  "3hhtpoh-22A" 
on  a  technique  circumscribed  in  [3],  A  plate  from 
copper  served  the  cathode;  the  anodes  were 
manufactured  as  rod  3  mm. 

The  results  of  a  research,  reduced  in  a  fig.  1  and  4, 
display,  that  the  energetic  parameters  of 
electrospark  process  as  a  whole  identically 
influence  magnitude  of  an  erosive  wear  of 
electrodes.  So,  with  growth  of  a  impulse  energy  Wt 
and  its  power  P,  at  increase  of  force  of  a  working 
current  lv  total  loss  of  a  mass  of  both  anodes  (their 
erosion)  ZAa  increases,  though  and  with  different 
intensity  (fig.  1,  cur.  3,  4).  With  increase  of  time  of 
handling  the  linear  growth  of  values  ZAa  for  silver 
and  composition  Ag-C  is  marked  which  at  rather 
soft  receipt  of  thermal  power  in  the  anode 
(installation  "3jihtpoh-22  A"  practically  coincide 
(fig.  4,  cur.  1,  4).  The  heightening  of  capacity  C. 
accumulative  condensers  is  accompanied  by 
increase  of  an  impulse  duration  y  and,  hence, 
lowering  of  its  power  Pu  therefore  dependence 
carries  falling  down  character  (fig.  1,  cur.  1,2). 

From  a  fig.  1-4  follows,  that  the  increase  of  erosion 
of  a  composite  electrode  in  all  cases  entails  tire 
appropriate  heightening  of  rate  of  an  increase  of  a 
mass  of  the  cathode.  At  the  same  time  for  cast 
silver  their  correlation  carries  ambiguous  character. 
It  is  known  that  the  power  parameters  of  electrical 
discharge  determine  a  ratio  of  a  share  of  liquid  and 
vapor  phases  in  a  total  amount  of  products  of 
erosion  of  a  material  of  an  electrode  [4],  The 
quantitative  performances  mass  transfer  and 
microstructures  researches  for  sections  allow  to 


Fig.  1  -  Dependence  of  total  values  of  erosion  of  the 
anode  ZAa  from  Ag  (1,  3)  and  composition  Ag-C  (2,  4) 
from  capacity  C  (1, 2)  and  force  of  a  current  /,,  (3,  4) 


Fig.  2  -  Dependence  of  total  values  of  an  increase  of  a 
mass  of  a  layer  ZAk  (1.3)  and  coefficient  of  carry  of  a 
mass  K  (2,  4)  from  capacity  C  (/,,  =  0,8  A)  at  drawing 
layers  from  Ag  (1 ,  2)  and  composition  Ag-C  (3,  4) 


S?  120 


/*.  A 


Fig.  3  -  Dependence  of  total  values  of  an  increase  of  a 
mass  of  a  coverage  ZAk  (1,  3)  and  coefficient  of  carry  of 
a  mass  K  (2,  4)  from  force  of  a  current  (C  =  200  mf) 
at  drawing  layers  from  Ag  (1.  2)  and  composition  Ag-C 
(3,  4) 

conclude,  that  in  the  carried  out  experiments  the 
shaping  of  electrospark  layers  is  carried  out  mainly 
at  the  expense  of  a  liquid  phase  formed  on  the 
anode  under  an  operation  of  a  thermal  stream  due 
to  a  high  thermal  conductivity  of  silver.  At  the 
same  time  silver  is  characterized  by  high-pressure 
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vapor  at  heightened  temperatures,  that  reduces  in 
its  ablation  from  interelectrode  interval  and, 
accordingly,  to  losses  of  a  material.  A  consequence 
it  is  lowering  an  amount  of  substance,  transported 
on  the  cathode,  and  also  coefficient  of  mass 
transfer.  Since  some  values  W,  and  Ph  with  other 
things  being  equal,  tire  share  of  a  steam  phase  in  a 
total  amount  of  products  of  erosion  begins  to 
prevail,  that,  apparently,  and  reflect  curves  1,  2  in  a 
%  2,  3. 


long  effect  of  electrical  discharge  on  a  surface 
stratum  of  die  cathode  reduces  in  accumulation  of 
heat  in  its  volume,  softening  or  repeated  melting  of 
silver,  diat  can  serve  die  reason  local  flaking  of  a 
layer.  A  consequence  it  is  die  violation,  observed 
in  some  cases,  of  monotone  character  of 
investigated  magnitudes.  However  graphite  is 
easily  burned  out  from  the  put  layer,  therefore  on  a 
substrate  there  is  a  monolidiic  silver  stratum  of 
necessary  thickness  (fig.  5). 


Fig.  4  -  Dependence  of  total  values  of  erosion  of  the 
anode  SAa  (1,  4),  increase  of  a  mass  of  the  cathode  lAk 
(2,  5)  and  coefficient  of  mass  transfer  K  (3,  6)  at 
drawing  lavers  from  Ag  (1-3)  and  composition  Ag-C 
(4-6) 


Fig.  5  -  Electro-spark  stratum 
from  silver  after  a  burning  out 
from  him(it)  of  graphite 


hr  summary  it  is  necessary'  to  mark,  that  the 
detected  regularities  are  shown  only  at  the 
optimum  contents  of  graphite  in  a  composition.  Its 
too  low  density  in  CM  conducts  to  a  heightening  of 
erosive  resistance  of  a  material  of  the  anode, 
especially  at  small  impulse  energy.  The  increase  of 
density  of  graphite  over  an  optimum  precludes 
with  merge  melt  of  silver  in  a  monolithic  stratum. 


Converts  on  itself  attention  that  fact,  that  the 
productivity  of  an  electrode  from  CM  in  all  cases 
appears  much  above  in  comparison  with  cast 
silver.  And  only  under  condition  of  rather'  low 
energetic  parameters  of  impulse  of  mass  transfer 
performance  of  investigated  electrodes  are 
equalized  (fig.  2).  Thus,  unlike  silver,  coefficient 
of  mass  transfer  K  of  electrode  from  CM  saves  a 
rather  high  level  and  relative  stability  irrespective 
of  parameters  of  electrospark  process. 

Stated  reduces  in  the  conclusion,  that  at  erosive 
destruction  of  CM  Ag-C  the  steam  phase  is  shaped, 
in  basic,  for  the  account  volatile  oxides  of  carbon, 
and  also  disperse  corpuscles  of  graphite  formed  at 
destruction  of  its  conglomerates.  High 
thermophysical  characteristics  of  graphite  promote 
more  smooth  transmission  of  heat  to  a  silver  matrix 
of  CM  that  results  in  heightening  of  amount  of 
silver  melt  in  it.  Thus,  the  presence  of  graphite  in 
structure  of  the  anode  from  CM  provides  for 
regulation  of  magnitude  and  power  of  a  thermal 
stream  acting  in  volume  of  a  composite  material, 
and  losses  of  silver  reduces  during  carry  it  on  the 
cathode. 

Despite  of  a  burning  off  of  graphite  under  an 
operation  of  discharge,  its  density  in  the  put 
stratum  can  be  rather  significant.  The  absence  of 
solubility  in  a  system  Ag-C  calls  its  lamination, 
therefore  the  layer  acquires  stratified  structure.  The 
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The  ferroelectrics  are  widely  used  for  differ¬ 
ent  applications  in  the  optical  and  acoustic  elec¬ 
tronics.  There  is  the  perspective  to  use  thin  films  of 
ferroelectrics  based  on  the  lead  zirconate-  titanate 
Pb(Zr.Ti)C>3  (PZT)  for  the  infrared  radiation  de¬ 
tectors,  for  the  memory1  elements,  for  different  kinds 
of  sensors,  actuators  and  etc.  [1-3].  However,  a 
wide  application  of  PZT  thin  films  is  retarded  by 
the  imperfections  of  their  obtaining  methods  [4,  5], 

In  the  CVD  methods  (sol-gel,  spincoat)  the  re¬ 
active  gases  are  released  (such  as  I2,  Cl2  and  the 
other  side  products),  that  are  incompatible  practi¬ 
cally  with  the  other  technology  processes  in  micro¬ 
electronics.  The  laser  evaporation  of  the  PZT  ce¬ 
ramics  causes  the  disturbance  of  the  condensates 
stoichiometry.  The  high  frequency  sputtering  of 
PZT  because  of  its  small  deposition  rate  produces 
the  condensates  fouled  with  the  residual  gases.  The 
simultaneous  sputtering  of  several  oxide  targets 
gives  the  irreproducible  composition  and  properties 
of  the  PZT  layers.  For  diffusion  in  the  oxide  films 
of  Ti,  Pb  and  Zr  the  high  temperatures  are  required 
(over  1000°C).  In  this  connections  the  research  for 
more  effective  methods  to  obtain  the  PZT  thin  films 
is  the  actual  problem. 

The  subjects  of  this  work  was  to  investigate  a 
possibility  of  the  PZT  films  obtaining  through  the 
reaction  synthesis.  The  Pb(Zr,Ti)03  films  w'ere  for¬ 
med  by  the  annealing  of  the  Pb-Ti-Zr  solid  soluti¬ 
ons  in  02  atmosphere  at  the  pressure  of  2  -10'2  Pa 
in  the  temperature  diapason  300-500°C.  The  thick¬ 
ness  of  deposited  condensates  was  0.05-0.8  pm. 
The  PZT  films  were  obtained  on  the  substrates  of 
polished  fused  silica,  a  sodium  chloride,  and  glass- 
ceramics. 

For  producing  the  MDM  (metal-dielectric- 
metal)  structures  were  used  the  glassceramics  sub¬ 
strates  with  the  low-resistance  Sn02  or  Fe  under¬ 
layer  that  had  been  put  on  substrates  by  magnetron 
sputtering  of  the  corresponding  targets  in  Ar  at¬ 
mosphere.  As  the  top  electrode  was  used  the  In 
point  deposited  by  the  vacuum  evaporation.  The 
capacitance  and  the  dielectric  loss  of  ferroelectric 
films  were  investigated  at  the  frequency  of  1  kHz. 

The  thin  films  structures  w'ere  investigated 
with  usage  of  electron  diffraction  method  in  tran¬ 


sillumination  mode.  Some  of  the  films  were  depos¬ 
ited  on  NaCl  single  crystals  or  on  the  glassceramics 
substrates  coated  with  NaCl.  The  thick  films 
structure  was  investigated  on  the  X-ray  diffracto¬ 
meter  of  DRON-4-07  type  in  Cu  ka  radiation. 

After  annealing  the  Pb-Ti-Zr  solid  solution 
films  in  02  atmosphere  at  200°C  a  formation  of  the 
amorphous  PZT  films  was  observed.  With  the 
growth  of  the  condensation  temperature  to  300°C 
the  crystallization  of  films  was  occurred.  There  was 
found  the  formation  of  the  perovskite  type  tetrago¬ 
nal  structure  for  which  the  crystal  lattice  parame¬ 
ters  were  the  same  as  those  referred  in  literature. 

There  w'ere  investigated  the  dependencies  of 
the  structure,  dielectric  and  optical  properties  of  the 
PZT  films  upon  their  deposition  conditions,  thick¬ 
ness  and  the  material  of  the  bottom  electrode.  It  was 
observed  the  correlation  of  coherent  dispersion 
blocks  size  and  ferroelectrical  properties.  With  the 
growth  of  the  coherent  dispersion  blocks  was  ob¬ 
served  the  increasing  of  the  films  dielectric  constant 
e  to  the.  several  thousands. 

The  advantages  of  the  reaction  synthesis  me¬ 
thod  for  the  thin  Pb(Zr,Ti)D3  films  obtaining  are: 
the  low  temperatures  of  film  formation,  the  oppor¬ 
tunity  to  perform  all  stages  of  technology'  in  one  va¬ 
cuum  cycle  and  the  possibility  to  modify'  the  com¬ 
position  and  the  properties  of  the  ferroelectric  by 
the  doping. 

1 .  Kosec  M.  et  al.  Processing  of  high  performance 
lead  lanthanum  zirconate  titanate  thick  films//  J. 
of  Europ.  Ceramic  Soc.  -1999. -19. -P.  949-954. 

2.  Lozinski  A.  et  al.  PLZT  thick  films  for  pyroelec¬ 
tric  sensors//  Meas.  Sci.  Techn. -1997. -8. -P.34-37 

3.  Lucat  C.,  Menil  F.,  Von  Der  Muhll  R.  Thick 
film  densification  for  pyroelectric  sensors//  Meas. 
Sci.  Technol. -1997.  -8.  -P.38-41. 

4.  Birnie  D.P.,  Vogt  R.N.,  Orr  M.N.,  Schifko  J.R. 
Coating  uniformity  and  device  applicability  of 
spin  coated  sol-gel  PZT  films//  Microelectronics 
Engineering  -  1995.  -29.  -P.  189-192. 

5.  Tyunina  M.  Levoska  J.,  Sternberg  A.  S.  et  al. 
Relaxor  behavior  of  pulsed  laser  deposited  fer¬ 
roelectric  (Pb|.xLax)(Zr065Tio35)03  films//  J.  of 
Appl.  Physics  -1998.  -84.  -12.  -P.  6800-6810. 
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In  this  work  the  structure  and  properties  of 
the  thin  films  of  the  rare-earth  metals  (REM)  ox¬ 
ides  were  investigated.  The  films  were  obtained  by, 
the  vacuum  evaporation  of  the  metal  in  O2  atmos¬ 
phere  with  the  oxides  films  formation  on  the 
growth  surface.  As  the  substrates  were  used  the 
optical  polished  silica,  glassceramics  and  the  mark 
K-8  glass  [1-2]. 

The  films  structure,  their  optical  and  electri¬ 
cal  properties  were  investigated  in  the  series  of 
works,  in  particular  in  [3-4],  It  was  shown  that  the 
REM  oxide  films  are  perspective  for  using  as  the 
masking  layers  for  the  phototemplates,  optical 
coatings,  dielectrical  layers  in  capacitors  and  in 
multilevel  integrated  circuits,  etc. 

The  masking  layers  for  the  transparent  pho¬ 
tolithography  templates  had  a  high  wear  resis¬ 
tance.  Their  abrasive  resistance  is  essentially 
greater  than  that  of  the  chromium  and  iron  oxides 
coatings,  which  are  widely  used  in  the  last  time  in 
microelectronics.  The  REM  oxide  masking  layers 
had  the  low  density  of  defects  (density  of  defects 
of  size  >1.5  pm  was  <  0.06  cm'2  ).  The  optical 
density  of  the  masking  coatings  at  X  =  430nm  is 
higher  than  1.8,  their  thickness  is  200-220nm,  the 
roughness  of  edge  of  picking  was  <0.3  pm,  the  re¬ 
flection  coefficient  was  <  10%. 

The  advantages  of  the  REM  oxide  masking 
layers  are:  the  prolongation  of  the  service  time  of 
the  photographic  templates  due  to  increase  in  films 
abrasive  resistance;  the  increase  in  delivery  of  va¬ 
lid  hybrid  integrated  circuits  and  other  items  for 
microelectronics;  the  advance  in  technological  ef¬ 
fectiveness  and  the  improvement  of  the  ecological 
conditions  of  their  production;  diminishing  of  the 
work  intensity  and  the  power  consumage. 

It  is  possible  to  produce  photolithography 
templates  of  planar  construction  due  to  the  phase 
transformations  in  masking  layer  of  the  praseo¬ 
dymium  oxide.  It  turns  out  in  this  case  that  all 
glass  surface  of  substrate  is  covered  by  REM  ox¬ 
ide  protecting  layer  that  consists  from  the  trans¬ 
parent  and  non-transparent  sites  according  to  the 
topology.  Owing  to  this  fact  occurs  the  additional 
increase  of  templates  wear  resistance  by  prevent¬ 
ing  the  knocking  out  of  the  glass  surface  and  the 


ability  appears  to  use  the  mask  layers  many  times, 
saving  additionally  the  materials  and  decreasing 
the  work  expenses. 

The  REM  oxides  films  are  also  perspective 
for  the  using  in  capacitors  and  in  multilevel  inte¬ 
grated  circuits.  They  have  the  high  electric  resis¬ 
tivity  10l5-1016  Ohm- cm,  the  low  dielectric  loss 
MO"4;  the  high  puncture  strength  107-108  V/cm. 

The  high  temperature  and  the  heat  flux  sen¬ 
sors  based  on  the  REM  oxides  films  have  the  fol¬ 
lowing  characteristics:  the  flux  measured  range  is 
<10sW/cm2,  the  time  constant  is  «0.1  s,  the 
temperature  coefficient  of  the  electric  resistance  at 
20°C  is  0.06  -  0.08  °C'. 

REM  oxides  optical  coatings  have  high 
transparency  in  wide  spectral  diapason  0.19-15 
pm,  the  refractive  index  is  1.9-2. 2,  the  light  dis¬ 
persion  loss  of  the  REM  oxides-Si02  laser  mirrors 
is  <0.005%,  the  threshold  of  the  stationary  irra¬ 
diation  strength  to  concentrated  light  flux  during 
120s  is  greater  than  2.5  kW/cm2. 

A  creation  of  optical  coverings  with  in¬ 
creased  strength  to  irradiation  and  high  exploita¬ 
tion  resource  is  the  actual  problem  in  development 
of  the  cavities  for  the  powrer  eximer  lasers;  in  ap¬ 
paratuses  for  metals  cutting  and  quenching, 
printed  circuit  cards  production,  automated  cutting 
of  different  materials  and  other  apparatuses. 

The  optical  parameters  of  the  REM  oxides- 
Si02  mirrors  are  essentially  better  than  that  of  the 
mirrors  based  on  Ti02-Si02,  Zr02-Si02,  Hf02- 
Si02  which  are  currently  used. 

1. Heitmann  W.  Reach vely  evaporated  films  of 
rare  earth  oxides  //  Vakuum-Teclimk.  -1973.  - 
22  -m.  -P.49  -  55. 

2.  AnapeeBa  A.O.  riojiyneHHC  h  CBOHCTBa 

nneHOK  oKcnaoB  P3M  //  riopoinKOBaa 

MeTanyprua  -  1998.  -  N2  1-2.  -C.107  -  110. 

3.  Andreeva  A.F.  et  al.  Growth  conditions,  optical 
and  dielectric  properties  of  Y203  films  //  Phys. 
stat.  sol.  (a).  -1994.  -145.  -P.441  -  446. 

4.  Rainer  F.,  Lowermilk  W.H.,  Milan  D.  et  al. 
Materials  for  optical  coatings  in  the  ultraviolet 
//  Appl.  Optics.  -1985.  -24,  --N2  4.  -P.  496-500. 
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In  this  research  work  the  iron  films  have 
been  produced  and  some  their  properties  were  in¬ 
vestigated. 

The  thin  ferromagnetic  films  are  perspective 
for  the  electronics  and  optics  applications.  Epi¬ 
taxial  iron  films  can  be  used  for  preparing  the  sen¬ 
sitive  elements  for  optical  instruments,  amorphous 
films  -  for  the  laser  thermomagnetic  recording  of 
information.  At  last  time  are  interesting  the  multi¬ 
layer  structures  with  alternation  of  the  ferromag¬ 
netic  and  non-magnetic  layers.  Such  heterostruc¬ 
tures  can  be  used  for  producing  the  magnetic  inte¬ 
gral  heads  in  recording  devices. 

There  are  many  methods  for  preparing  the 
iron  films:  pulsed  laser  and  electron  beam  evapo¬ 
ration  in  vacuum;  high-frequency-,  ion  beam-  and 
magnetron  sputtering;  electrolytic  deposition  and 
etc.  The  magnetron  sputtering  method  presents 
more  perspectives  for  the  iron  films  preparing.  The 
films  produced  by  magnetron  sputtering  have  the 
advantages:  the  small  porosity  of  the  condensates, 
the  high  film  adhesion  to  the  substrate,  the  simi¬ 
larity  of  the  target  and  films  chemical  composi¬ 
tion,  the  resemblance  of  the  properties  at  certain 
thickness  for  the  massive  material  and  for  the  lay¬ 
ers. 

The  difficulty  of  magnetron  preparation  of 
iron  films  is  connected  with  the  shunting  of  the 
magnetic  field  by  material  of  the  target. 

In  the  present  work  the  shunting  was  dimi¬ 
nished  by  means  of  the  special  target  construction. 

The  ultrathin  iron  films  were  amorphous. 
The  body-centered  (a)  and  face-centered  (y) 
phases  were  formed  with  increasing  of  film  thick¬ 
ness  to  27nm  (figure).  The  formation  of  the  body- 
centered  (a)  and  face-centered  (y)  phases  of  iron 
was  observed  in  the  case  of  epitaxial  film  growth 

[1-3]. 

With  thickness  increasing  the  y  phase  was 
disappearing  and  a  phase  unique  was  observed. 

Optical,  magnetic  and  mechanical  properties 
of  iron  films  were  investigated  depending  on  their 
thickness  and  grain  size.  Their  properties  were 
compared  with  those  of  massive  materials. 


Interplanar  distance,  rnn 


The  diffraction  picture  of  the  iron  films  with 
different  thickness:  a,  b  -  the  reference  data  for  the 
massive  a  and  y  iron  respectively  [4];  the  iron 
films  thickness,  nm:  c  -  27,  d  -  540,  e  -  810. 


It  was  proposed  to  use  the  iron  films  as 
model  matrixes  for  investigation  of  iron  construc¬ 
tion  biocorrosion,  in  particular  of  gas  mains.  By 
using  this  films  on  glass  substrates  it  was  made 
possible  to  measure  and  compare  the  corrosion 
activity  of  different  species  of  bacteria. 

i.Detzel  Th.  Epitaxy  and  thermal  behaviour  of 
metastabile  metal  films//  Progr.  Surface  Sci.  - 
1995.  -  48,  1-4. -p  275-286. 

2Goigtlander  B.  et  all.  Epitaxial  growth  of  Fe  on 
Au(lll):  a  scanning  tunneling  microscopy//  Sur¬ 
face  Sci.  -  1991.  -  225,  3.  -  p.  L529-L535. 

J.Arnott  M.et  all.  Growth  and  thermal  properties 
of  fee  iron  films  on  Cu(100)//  Surface  Sci.  -  1992. 
-  269-270.  PtB.  -  p.  724-730. 

4. X-ray  powder  data  file.  ASTM  Special  Technical 
Publication,  1975. 
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One  of  the  effective  methods  enhancing  wear 
resistance  of  components,  operating  in  aggressive 
media,  is  the  employment  of  powder  structural 
materials  with  special  properties  (including 
tungsten-free  hard  alloys  and  carbide  steels,  based 
on  iron  and  stainless  steels)  in  the  process  of  their 
manufacturing. 

Structure  formation  processes,  properties  and 
various  manufacturing  methods  of  wear-  and 
corrosion  resistant  tungsten-free  hard  alloys, 
corrosion-  and  wear  resistant  powders  of  stainless 
steels  of  different  types  have  been  thoroughly 
studied  and  published  in  a  number  of  works.  [1-10]. 
Broadening  of  the  fields  and  scope  of  utilization  of 
powder  materials,  withstanding  wear  and  corrosion, 
calls  for  development  of  new  materials,  being  less 
expensive,  than  hard  alloys  and  more  resistant  than 
stainless  steels. 

Among  these  materials  are,  in  particular, 
carbide  steels  based  on  iron  /  stainless  steels  with 
chromium  carbide  filler  alloys,  as  well  as  laminated 
composites  with  wear-  and  corrosion  resistant 
operating  layer. 

Developing  new  class  of  carbide  steels,  based 
on  stainless  steels  of  austenite  type,  having 
chromium  carbide  filler  alloys  in  amount  of  20- 
30%,  the  authors  investigated  the  influence  of  their 
composition  and  sintering  temperature  on  the 
process  of  structure  formation,  physicomechanical 
properties,  wear-  and  corrosion  resistance  of 
carbide  steels. 

It  has  been  determined  that  elevation  of 
sintering  temperature  of  carbide  steels  based  on 
stainless  steels  X18H15  and  X23H18  from  1473  to 
1573  enhances  their  bending  strength  in  2-3  times 
and  reduces  porosity  from  20-25  down  to  4-5%. 
Hardness  of  materials  based  on  X18H15  with  20- 
30%  Cr3C2,  sintered  at  1573  without  thermal 
treatment  reaches  56-62  HRC,  bending  strength  - 
793-963  MPa,  whereas  materials  on  the  base  of 
X23H18  have  58-72  HRC  and  603-942  MPa 
correspondingly.  The  above  said  materials  are 
characterized  with  high  wear  resistance  and 


satisfactory  corrosion  resistance  both  in  10% 
solution  NaCl  and  20%  solution  HN03,  conforming 
to  4th  point  of  ten-point  scale. 

Of  interest  are  the  wear-  and  corrosion 
composites  based  on  the  stainless  steels  of  austenite 
type  with  filler  alloys  C^C?  (10-30%)  and  MoS2  (3- 
5%),  we  developed. 

It  is  know  that  conventional  stainless  steels,  having 
single-phase  structure  and  high  corrosion  resistance 
in  various  media,  are  not  assigned  to  the  class  of 
wear  resistant  materials.  Introduction  of  the  above 
said  filler  alloys  into  their  composition 
fundamentally  changes  structure  and  tribological 
characteristics  of  these  steels  while  maintains 
satisfactory  resistance  in  a  number  of  media. 

The  processes  of  structure  formation  in 
sintering  of  stainless  steels  with  filler  alloys  Cr3C2 
and  MoS2  have  been  investigated.  Studied  were 
their  tribological-,  corrosion-  and 
physicomechanical  properties.  It  has  been 
determined  that  the  .result  of  interaction  of 
chromium  carbide  and  molybdenum  disulphide 
with  stainless  steel  basis  of  austenite  type  in 
sintering  is  the  formation  of  complex  hetero  phase 
structures,  which  nature  depends  on  composition 
and  sintering  temperature  of  materials.  It  has  been 
also  defined  that  while  increasing  content  of 
carbide  filler  alloys  from  10%  up  to  30%  one  can 
get  hardness  enhanced  in  1.2  -  1.4  times  along  with 
some  decrease  of  strength  and  significant  increase 
of  wear  resistance. 

Of  significant  interest  are  wear-  and 
corrosion  resistant  layered  materials.  Basing  on  the 
investigations,  authors  carried  out  on  powder 
composites,  based  on  metal  and  tungsten-free  hard 
alioys,  different  types  of  layered  wear-  and 
corrosion  resistant  powder  materials,  in  particular 
multi-layered  tungsten-free  alloys  of  tool 
application  and  tribological  materials  like 
“composite,  based  on  highly  alloyed  steel  -  steel”. 
Results  of  experimental  investigations  dedicated  to 
the  property  studies,  manufacturing  methods  and 
layered  structures  of  wear-  and  corrosion  resistant 
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materials  with  operating  layers  out  of  tungsten-free 
hard  alloys  and  composites,  based  on  stainless 
steels,  made  possible  to  formulate  principles  for 
generation  of  this  kind  of  materials.  They  are  as 
follows: 

1.  Use  of  one  basis  (or  basis  of  similar 
composition)  for  both  operating-  and  bearing 
layers  that  makes  possible  to  decrease 
deformations  and  stresses  in  manufacturing 
and  operating  layered  powder  and  increase 
their  corrosion  resistance. 

2.  Selection  of  materials  composition  subject  to 
their  operating  conditions  and  field  of 
application  by  controlling  the  content  of  hard 
ceramic  component  (or  filler  alloys  of  other 
nature)  in  the  operating  layer.  Content  of 
hard  component  in  operating  layer  should 
amount  to  20-30%  in  case  of  carbide  steels 
and  to  85-95%  in  hard  alloys,  whereas  in 
bearing  layer  (basis)  -  from  zero  in  materials 
with  metal  basis  up  to  70-75  wt.%  in 
chromium  carbide  alloys.  As  it  takes  place, 
first  are  assigned  to  the  tribological  materials 
and  second  -  to  the  tool  materials. 

Principles  for  selection  of  structures  of 

layered  materials  of  different  fields  of  application 
have  been  developed.  It  makes  sense  to 
manufacture  tribological  materials  out  of  several 
layers  -  surface  one  with  maximum  content  of  hard 
component  and  sub-layer,  having  its  lower  content 
-  aiming  to  generate  favorable  conditions  for 
development  of  transitive  area  in  sintering,  and  also 
to  reduce  both  possibility  of  brittle  fracture  of  such 
materials  in  operation,  as  well  as  deformations  and 
level  of  stresses  in  manufacturing. 
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Industrially-produced  refractory  titanium  alloys 
are  usually  prepared  by  alloying  them  with 
components  that  form  solid  solutions  with  base 
metal.  This  mechanism  of  solid-solution 
strengthening  is  enough  studied  and  its  potential  is 
being  exhausted.  Therefore,  attractive  are 
becoming  materials,  the  reinforcing  phase  of 
which  is  formed  in  the  process  of  eutectic 
crystallization,  and  due  to  this,  the  above 
materials  feature  a  high  thermodynamic  stability. 
Considerable  results  in  the  area  of  development  of 
such  alloys  have  been  achieved  by  Ukrainian 
scientists  on  the  Ti-Si  system  through  an 
additional  alloying  them  with  aluminum  and 
zirconium.  These  alloys  feature  is  their 
composition  consisting  of  titanium  matrix  and 
reinforsing  silicide  phase.  Solubility  of  silicon  in  p 
and  a-phase  varies  with  temperature,  therefore  the 
study  of  thermal  treatment  effect  on  the  structure 
and  properties  of  these  alloys  acquires  a  great 
significance. 

Billets  of  Ti-2Si-3Al-5Zr,  Ti-4Si-3Al-5Zr  and  Ti- 
6Si-3Al-5Zr  (wt%)  alloys  to  be  used  for  thermal 
treatments  were  made  of  ingots  of  around  2.5  kg, 
which  were  skull-cast  by  arc  plasma  technique 
under  helium  media,  with  subsequent  annealing  at 
800  °C  for  1  hour. 

For  alloys  with  elevated  content  of  silicon,  the 
effect  of  high-temperature  annealing  between 
1150  and  1300  °C  was  studied  on  their  structure, 
hardness  and  plasticity.  High  temperature 
annealing  produces  a  radical  effect  on  the 
structure  of  alloys  under  investigation.  A  typical 
eutectic  structure  comprising  a-titanium  matrix, 
the  center  of  which  includes  precipitates  of 
silicides,  j3-titanium  interlayers  between  the  plates 
of  a-titanium  and  eutectics,  is  a  subject  of 
significant  changes  due  to  transformation  of 
eutectics  and  dissolving  of  dispersive  silicides. 
Separate  equiaxial  particles  are  appearing  instead 
of  eutectic  colonies  (Fig.l). 

In  spite  of  considerable  changes  of  the  structure 
after  high  temperature  annealing,  alloys  exhibit  no 
significant  changes  of  hardness  with  temperature 


within  the  investigation  range  of  1 150  to  1300  °C, 
holding  time  of  between  2  and  up  to  8  hours. 


Fig.l.  Microstructure  of  Ti-4Si-3Al-5Zr  (a,b)  and 
Ti-6Si-3Al-5Zr  (c,d):  a,c  -  as  cast;  b,d  -  annealing 
1300  °C,  4  h. 


The  study  of  mechanical  properties  of  alloys  with 
4  and  6  %  Si  after  annealing  at  1300  °C  for  4 
hours  using  4-points  bend  test  shows  a  tendency 
for  their  plasticity  increase  after  annealing  stage. 

The  effect  of  various  low-temperature  annealings 
(Tanneai  =  980  °C)  on  the  structure  and  properties 
of  the  Ti-AI-Si-Zr  alloys  was  studied  on  alloys 
with  2.4  and  6%  Si.  Optical  microscopy 
examination  revealed  no  significant  changes  in  the 
coarse  structure  relative  to  the  type  of  annealing. 
Secondary  silicides  within  the  matrix  showed  a 
little  increase  at  the  expense  of  coalescence  of 
more  dispersive  precipitates.  There  was  no 
destruction  of  the  eutectic  constituent  as  was  the 
case  of  high- temperature  annealing.  No  change 
was  observed  in  the  hardness  for  all  the  alloys 
after  various  low-temperature  annealings.  Some 
trend  can  be  observed  to  the  appearance  of 
microplasticity  when  4-point  bend  tested. 
Comparison  of  microdeformation  curves  for  the 
cast  alloy  with  4%  Si  after  the  high-temperature 
and  low-temperature  annealings  (Fig.2)  shows 
that  the  high-temperature  annealing  is  more 
effective  in  the  lowering  of  yield  limit  of  the  alloy 
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and  its  strengthening  coefficient,  and  also  in 
increasing  of  its  elongation. 


Fig.  2.  Microplasticity  (4-point  bending)  of  Ti- 
4Si-3Al-5Zr  alloy  :  (1-  as  cast,  2  -  annealing 
970°C  0.5h  and  cooling  20°C/h,  3  -  annealing 
1300°C ,  4h). 


Water  quenching  tests  were  performed  within  a 
broad  temperature  range:  960  °C,  1150  °C, 
1200°C,  1250  °C  and  1350  °C.  The  study  of  the 
structure  of  the  alloy  with  2  %Si  after  annealing 
teaches  us  that  the  heating  for  quenching  resulted 
in  the  dissolving  of  all  the  silicides  of  the  alloy 
and  the  SEM  examination  shows  us  a  singly- 
phase  acilular  martensite  structure  having  the 
boundaries  of  former  (3-  grains.  X-ray 
investigations  prove  that  the  structure  is  a  single¬ 
phase  one,  being  in  the  form  of  a  silicon- 
oversaturated  solid  solution  with  hexagonal 
lattice,  similar  to  that  of  a-titanium.  The 
structures  of  4  and  6  %  Si  alloys  as  annealed 
comprise  a  martensite  a-titanium  matrix  and 
eutectics  undergone  to  a  coarsening  of  the 
eutectics  silicides  due  to  coalescence.  There  are 
no  secondary  silicides. 

The  hardness  of  the  alloys  with  2,  4  and  6%  Si 
increases  after  quenching  due  to  martensite 
transformation  and  the  saturation  of  the  solid 
solution  with  silicon.  The  higher  quenching 
temperature,  the  higher  is  hardness  (Fig. 3).  A 
considerable  effect  on  the  hardness  is  also 
produced  by  the  quenching  medium;  water,  oil  or 
air.  The  hardness  is  then  accordingly  decreased. 


Fig.  3.  Hardness  of  water  quenched  alloys:  1  -  Ti- 
2Si-3Al-5Zr,  2  -  Ti-4Si-3Al-5Zr,  3  -  Ti-4Si-3Al- 
5Zr. 


The  dependence  of  hardness  of  alloys  with  2,4 
and  6  %  Si  as  quenched  from  1315  °C  (Fig.  4) 
after  two-hour  holding  presents  some 
understandings  about  contributions  of  the 
dispersive  (2  %  Si)  and  skeleton  (4  and  6  %  Si) 
strengthening  mechanisms.  The  plot  suggests  us 
that  up  to  approximately  700  °C,  dispersive 
strengthening  is  more  efficient,  while  above  700 
°C,  the  skeleton  strengthening  prevails. 
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Fig.  4.  Dependence  of  hardness  on  annealing 
temperature  (  water  quenching  from  1 3 1 5  °C  ; 

2  hours  tempering) 
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INVESTIGATION  OF  THE  HEAT  CAPACITY  AND  ENTHALPY  OF  Bi2Se3 
AND  Bi2Te3  IN  THE  TEMPERATURE  RANGE  58  - 1012  K 
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I.N.  Francevich  Institute  for  Problems  of  Materials  Science,  National  Academy  of  Science  of 

Ukraine 


The  higher  of  selenide  and  telluride  of  vis- 
muth  and  the  solid  solution  between  Bi2Se3  and 
Bi2Te3  is  perspectively  materials  for  the  thermoe¬ 
lectricity. 

In  the  present  work  heat  capacity  and  en¬ 
thalpy  of  vismuth  selenide  and  telluride  was  re¬ 
search  for  solid  and  liquid  states.  The  compounds 
under  study  were  prodused  from  elements  by  am¬ 
poule  method. 

Heat  capacity  at  58  -  300  K  were  measured 
by  adiabatic  calorimetry  method  with  periodic  in¬ 
put  of  heat  on  low  temperature  standard  thermo¬ 
physical  unit  [1],  and  enthalpy  -  by  drop  calo¬ 
rimetry  method  on  high-temperature  differencial 
calorimetry  [2].  The  error  of  the  heat  capacity 
measurement  not  to  exceed  0,4  %,  and  of  enthalpy 
-  1,5  %. 

The  experimental  data  (fig.  1)  of  heat  capac¬ 
ity  smoothed  out  by  a  method  of  sliding  approxi¬ 
mation  by  the  cubic  multimembers  with  weight 
factors  [1]. 

Fig.  1 .  Low  -  temperature  heat  capacity  of 
Bi2Se3  and  Bi2Te3 


To  obtain  main  thermodynamic  functions 
under  standard  conditions  (table  1)  the  experi¬ 


mental  data  on  the  low  temperature  heat  capacity 
for  the  alloys  studied  were  extrapolated  to  0  K  [2]. 


Table  l.The  enthalpy  (J-mole'1),  heat  capacity,  en¬ 
tropy  and  Gybbs’s  energy  (J-mole'1-K'1)  of 
Bi2Se3  and  Bi2Te3  at  298.15  K 


Thermodynamic 

functions 

Bi2Se3 

Bi2Te3 

H°(T)-Hu(0K) 

28278±142 

31048+156 

CPU(T) 

124.53+0.5 

126.19+0.5 

SU(T) 

2 1 5. 1±1 .8 

256.6+2.1 

(D’(T) 

120.3+1.8 

152.6±2.3 

Experimental  data  (fig.2)  of  the  compounds 
studied  enthalpy  (J-mole'1)  in  the  temperature 
range  of  298,15  -  m.p.  were  approximation  using 
Mayer  -  Kelly  equation: 

H°(T)-H°( 29&  1 5)=A-T2+B-T+CTA+D  (2) 
Proceeding  from  (2)  the  temperature  de¬ 
pendencies  of  heat  capacity,  entropy  and  Gybbs’s 
energy  (J-mole'1 -K'1)  function  are  as  follows: 

C°  (T)  =  2-A-T  +  B-C-T~2  (3) 
P 

S°  (T)  =  2- A-T  +  B-\nT +0.5 -C-T~2  +E  (4) 

0(T)=AT2+BAnT-I>r-l-O.5-Cr~2+{E-B)(5) 
Above  melting  point  for  compounds  some 
enthalpy  values  of  were  obtained  which  were  cal¬ 
culated  using  linear  dependence: 

H\T)-H°(29SA5K)  =  a-T +  b  (6) 
Coefficients  of  temperature  dependences  (2  -  5) 
calculated  by  the  least  square  method  using  tow 
boundary  conditions,  i.e.  zero  value  of  enthalpy  at 
298.15  K  and  standard  value  of  compound  heat 
capacity  to  provide  agreement  between  high  and 
low  temperature  heat  capacity  values.  Using  only 
former  boundary  condition  coefficients  of  depen¬ 
dences  (6)  were  found  for  the  substances  studied 
(table  2). 

At  confidential  probably  0.95  values  of  enthalpy, 
designed  on  (2)  and  (6),  are  characterized  by  an 
average  relative  confidential  interval  not  to  ex- 
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ceed.  respectively:  1.38%  and  1.72%  (BbSe3). 
1.32%  and  1.73%  (Bi2Te3). 


Fig.2.  Experimental  data  for  enthalpy 
of  Bi2Se3  and  Bi2Te3 


Table  3.  Temperatures  (K),  enthalpy  (El-mole'1) 
and  entropy  (J-mole',-K'1)  of  melting  of 
Bi2Se3  and  Bi2Te3 


Characteristic 

Bi2Se3 

BLTe3 

Tm 

968±10 

874110 

AHm 

89.3±4.3 

108.314.3 

ASm 

92.314.5 

123.9+4.9 

The  heat  capacity  of  Bi2Te3  is  higer  then  for 
Bi2Se3  on  23-13  %  in  temperature  range  58  -  300 
K  and  1.3  -  7.5  %  in  temperature  range  298.15  - 
850  K..  At  low  temperatures  phonon  component 
the  heat  capacity  compounds  is  determined,  and 
average  temperatures  -  anharmonic  component. 
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Table  2.Temperature  dependences  coefficients  of 
the  data  enthalpy  (J-mole'1),  heat  capacity, 
entropy  and  Gybbs’s  energy  (J-moIe',-K'1) 
of  Bi2Se3  and  Bi2Te3 


Coefficient 

Bi2Se3 

BLTe3 

A- 1 03 

8.243 

18.428 

B 

124.43 

117.02 

C 

428188 

161744 

-D 

39268 

37070 

-E 

501.23 

422.08 

a 

262.82 

325.99 

-b 

78361 

97193 

Basing  on  the  enthalpy  temperature  depen¬ 
dences  (2,6)  enthalpy  and  entropy  of  melting  are 
determined  for  compounds  (table  3). 
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Composite  materials  (CM)  in  the  Me-Me  systems 
are  known  as  effective  materials  for  electric 
contacts.  Their  increased  properties  in  comparison 
with  contacts  from  homogeneous  materials  are 
explained,  holding  on  the  thermal  theory  of  arc 
erosion  [1],  by  ability  of  the  refractory  component 
skeleton,  to  stay  in  the  solid  state  and  to  reduce  of 
the  electroconductive  component  ejection  in  the 
vapor  and  liquid  phases.  However,  in  [2]  it  was 
established  that  the  properties  of  a  refractory 
skeleton  and  the  capillary  system,  formed  by  it,  are 
realized  only  during  the  first  cycles  of  current 
commutation.  Thermal  effect  of  arc  discharge  and 
its  changes  cause  not  only  material  ejection,  but 
also  irreversible  structural  changes  in  the  working 
layer  of  the  composite  contact.  In  this  paper  the 
results  of  investigation  such  changes  in  the  contacts 
material  are  submitted.  The  tested  CM  contained 
components:  W(Mo)  -  Cu-Ni(Co);  Cu-Cr;  Ag-Ni. 
The  basic  properties  of  investigated  CMs 
manufacture  by  power  metallurgy  methods  are 
included  in  the  table. 


Table.  General  properties  of  trade  mark  composite 
materials  for  electrical  contacts 


Trade  mark 

Composition, 

% 

Density, 

Kl°3 

kg'm3 

Hardness 

HB, 

MPa 

HI 

KMK-A30 

9,6 

550-750 

■Mil 1 

KMK-A41 

9,0 

280-500 

0,026 

KMK-E45 

W-50;  Cu-46; 
Ni-1, 5-3,5 

12,0 

1400 

0,070 

KMK-B25 

W-70;  Cu-26; 
Ni-1.5-3,5 

14,0 

2100 

0,080 

Mo-Cu50 

Mo-50;  Cu-50 

9,37 

1200 

0,040 

Mo-Cu30 

Mo-70;  Cu-30 

9,6 

1300 

M  1  il  M 

Mssm 

Cu-50;  Cr-50 

8,12 

800-1200 

0,050 

The  bench  and  field  tests  [2]  of  functional 
properties  of  listed  CM  contacts  were  carried  out. 
Tire  representation  about  of  the  erosion  features  of 
W(Mo)-Cu  CM  contacts  in  a  wide  range  of 
currents  (1-100  kA)  were  obtained  by  studying  of 
tire  contacts  erosion  performances  in  the  opened 
arc,  freely  burning  in  air  on  the  test  bench. 

Arc  quenching  chambers  and  automatic  switching 
device  at  the  enterprises  -  manufacturers  of  the 
switching  equipment  were  used  for  the  working 
layer  structural  research  of  the  contacts  from  the 
CM  in  systems  of  Cr-Cu,  Ag-Ni  after  field  tests. 


The  character  of  the  contacts  wear  was  studied  by 
analyses  of  macro-  and  microstructure, 
microhardness  of  the  working  layers,  and  its 
polished  angle  and  perpendicular  section  of  a 
working  layers.  Tire  erosion  products  were  studied 
with  optical  spectral  and  X-ray  phase  analyses. 

The  complex  analysis  of  the  W-Cu  contacts 
working  layer  has  shown  the  following.  The  effect 
of  unit  impulse  with  current  less  than  2  kA  is 
localized  on  a  small  part  of  the  surface  decorated 
with  peaks  of  the  molten  and  cristallizated  Cu  and 
extends  for  20-30  u  of  working  layer  thickness.  The 
current  growth  through  die  gap  between  contacts 
leads  to  increasing  of  arc  thermal,  electric-  and  gas 
dynamic  influence.  The  results  from  arc  complex 
effect  are  following:  working  layers  oxidizing; 
sweating  of  Cu-base  melt;  loss  of  mechanical 
strength  of  the  tungsten  base  component 
boundaries;  directed  ablation  of  the  material  of 
working  layer  (including  refractory  component  in 
the  hard  phase);  thermal  fatigue  failure,  formation 
of  brittle  crack  net  work;  localized  explosion  similar 
failure;  increase  of  porosity  and  depth  of  opened 
capillaries;  increase  of  electric  transfer  coefficient 
and  erosion  rate.  The  further  increase  of  current 
(higher  of  25  kA)  leads  to  decrease  of  erosion  rate 
stabilization  electric  transfer  coefficient,  fig.  1. 
Increase  of  current  leads  to  (besides  listed  structure 
modification)  segregation  of  structure  components, 
consolidation  the  refractory  particles  in  the  layer 
depleted  with  Cu,  consequent  refractory 
conglomerates  fusion  as  a  result  of  arc  spots 
attaching  on  CM  component.  The  shape  and  sizes 
of  its  particles  are  depending  from  influence  of 
temperature,  pressure,  heating  and  cooling  rates  in 
the  arc  spots  on  working  layer  materials,  fig.  2,  a. 
Components  segregation  in  working  layer  of  die 
Mo-Cu  contacts  is  more  expressed  in  comparison 
with  those  on  the  W-Cu  contacts,  especially  on 
anode.  Discharge  current  increase  leads  to 
formation  of  the  multilayer  heterogeneous  structure. 
The  structure  changes  features  in  the  Mo-Cu 
contacts  working  layers  is  connected  with 
interaction  in  the  system  Mo-Cu-O,  and  formation 
of  easily  fusible  eutectics  (Mo03-CuMo04, 
Cu6Mo40i5-Cu20),  pseudo-eutectics  (Mo03-Cu20, 
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CU6M04O15-M0O3)  under  influence  of  the  discharge 
heat  flow  and  oxygen  of  air.  Volatility  of  Mo  CL 
determines  its  participation  in  the  elektro  transfer 
influences  on  the  composition  of  erosion  products. 
Interaction  in  the  system  Mo-Cu-0  influences  on  a 
current  threshold  of  the  irreversible  structural 
changes  in  a  working  layer,  increases  of  condensed 
phase  role  hi  the  mass  transfer,  fig.  1 . 
x 


Fig.  1  -  Current  dependence  of  elect  retransfer  coefficient  -/, 
for  contacts  from  Cii  (1):  CM  Mo-Cu50  (2) 
W-CuoO  (3).  W-CuSO  (4) 

The  Cu-Cr  composites  last  years  are  effectively 
used  as  vacuum  switching  contacts.  The  features  of 
the  structure  irreversible  changes  in  a  working 
layers  of  Cu-Cr  contacts  were  investigated  after 
pre-bumilig  of  the  vacuum  arc-quenching  chamber 
21  Xfl.  The  initial  staicture  of  Cu-Cr 
composite  material  (as  well  W(Mo)-Cu  CM)  is 
submitted  by  a  low-  melting  matrix  with  a  particle 
size  up  to  100  microns  and  grains  of  the  refractory 
component  dispersed  in  it  with  the  size  up  to  30 
microns.  After  the  CM  contacts  condition  in  its 
working  layers  secondary  microlayered  structure 
formation  (with  alternation  of  the  non-porous  and 
spongy,  discrete  microlayers)  is  observed.  The 
dense  microlayers  are  characterized  by  increased 
phase  components  dispersivity.  All  the  phases  have 
a  crystalline  structure.  Grains  of  the  Cr  basis  phase 
of  a  rounded  form  with  diameter  less  than  1  micron 
are  dispersed  in  the  textured  copper  matrix.  Such 
microdisperse  and  microlayered  structure  of 
working  layers,  microlayers  boundaries  have  ability 
to  relaxation  of  the  thermal  fatigue  stresses,  create 
the  advantages  of  Cu-Cr  contacts,  which  are 
implemented  in  practice. 

Composite  Ag-Ni  contacts  are  used  in  a  wade  range 
of  loads  due  to  technological  opportunities  of 
creation  of  matrix  and  skeleton  structures  of  CM 
with  an  isotropic  and  anisotropic  refractory 
component.  Irrespective  of  the  anisotropy  degree  of 
Ag-Ni  CM  in  the  contacts  working  layer  the  effect 
of  discharge  thermal  field  courses  (besides  of  the 


silver  evaporation)  of  components  segregation  with 
local  consolidation  of  refractory  one  and 
macroheterogenezation  of  working  layer  staicture. 
Fusion  of  agglomerates  (as  effect  of  motionless 
discharge  spots),  crystallization  them  at  the  fast 
cooling  and  the  dispersion  of  working  layer 
structure  under  consequent  discharge  heat  effect 
cause  of  contacts  functional  properties  increase, 
fig.  2,  b. 


Fig.  2  -  Structure  changes  in  the  working  layer  of  contacts 
from  CM  W-Cu-Ni  (a,  x  120)  and  CM  Ag-Ni  (b,  x  2100) 

Carried  out  analysis  of  structure  changes  in  the 
working  layers  of  CM  contacts  evidences  that 
functional  properties  of  contacts  in  systems  Me-Me 
are  determined  of  self-organization  secondary 
structure  features  in  the  non-equilibrium  conditions 
of  effect  high  temperature,  pressure,  rate  of  heating 
and  cooling.  An  absence  of  solubility  in  the  wide 
interval  of  temperatures  as  a  base  for  Me-Me  CM 
creation,  do  not  responsible  for  assemblage  of 
processes  in  the  working  layers,  but  only  level 
information  development  about  system  Me-Me 
particularly  in  the  high-temperatures  bands. 
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The  main  hardening  factor  in  high-strength  Al- 
Zn-Mg-Cu  alloys  after  T6  treatment  for  maximum 
strength  (aging  at  120-140  °C  after  solid  solution 
treatment)  is  the  precipitation  of  very  small  (to  10 
nm)  particles  of  the  metastable  rf -phase  [1], 
Evidently,  this  brings  peculiarities  to  deformation 
and  fracture  mechanisms  of  treated  samples. 

We  compared  the  behavior  while  tensile  test  of 
samples  with  gauge  diameter  of  3  mm  from  rods  of 
a  series  of  high-alloyed  alloys  Al-10Zn-3Mg- 
1.2Cu  (baseline  alloy,  wt.  %)  with  the  additions  of 
Zr,  Sc  and  other  TM  (transition  metal).  Rods  were 
manufactured  by  hot  extrusion  of  ingots  poured  to 
copper  molds  as  well  as  of  powder  billets 
consolidated  by  vacuum  forging.  Powders  were 
produced  by  the  technique  of  high-pressure  water 
atomization  (WA-N  process).  In  Table  1  there  are 
given  the  representative  alloys. 


Table  1 .  Composition  of  representative  cast  (C) 
and  powder  (P)  alloys  under  investigation 


Alloy 

Content  of  element,  wt.  % 

# 

Zn 

Mg 

Cu 

Zr 

Sc 

Mn 

1C 

10.3 

2.85 

1.19 

0.15 

- 

- 

2C 

10.3 

2.70 

1.29 

0.15 

0.49 

0.39 

3C 

12.0 

3.30 

1.20 

0.13 

0.49 

0.38 

IP 

9.5 

3.0 

1.2 

0.5 

- 

- 

2P 

9.5 

3.0 

1.2 

0.5 

0.5 

- 

3P 

12.0 

3.0 

1.2 

0.5 

0.5 

0.5 

Compositions  of  P/M  alloys  are  given  by 
charge.  In  addition  extruded  rods  of  99.95  A1  were 
tested. 

Tensile  stress-strain  curves  for  one-phase 
materials  with  dislocation  deformation  mechanism 
are  well  analyzed  using  Ludwik  equation  [2]: 

g=(J,  +  NE'\  (1) 

where  a  is  current  true  stress  at  true  plastic 
deformation  £,  cr,  is  yield  stress,  N  is  stress 
hardening  parameter  and  ;?  is  stress  hardening 
index.  Taking  into  account  the  known  relations  of 
dislocation  theory  cr-crs  =  aGbp1'2  and  E  =  a.\bpL, 
where  a  «  1,  cq  ^  0.5,  G  is  shear  modulus,  b  is 
Burgers  vector,  p  is  dislocation  density,  and  L  is 


average  length  of  dislocation  free  path,  we  obtain 

Aa=  cr-crs-  CEV1!L12  (2) 

with  C  =  const.  In  metals  with  high  stacking  fault 
energy  y  and  easy  cross  slip  for  the  first 
approximation  L  =  const  and  n  =  0.5,  which  takes 
place  for  bcc  refractory  metals  [3],  When  y  is  low, 
dislocations  form  dense  pile-ups  in  glide  planes, 
and  L  shall  fall  with  E.  Let  us  assume  L  =  fiE1’, 
then 

n  =  (1  +p)/2.  (3) 

For  many  fee  and  hep  metals  [3]  and  for  W-Re 
alloys  [4]  with  low  y  the  observed  n  is  close  to  1 . 
For  A1  that  has  rather  high  y  n  was  lower,  e.g.  0.67 
[3]. In  our  investigation  it  was  0.54  (Table  2)  that 
testifies  to  A1  purity.  In  pure  metals  several  stages 
with  different  N  and  sometimes  n  are  often 
observed  in  stress-strain  curves  that  is  explained  by 
the  formation  of  cellular  structures  [3,  4]. 


Table  2.  Strain  hardening  parameters  of  rod 
samples 


Alloy 

# 

"i 

Ah, 

GPa 

n  2 

n2, 

GPa 

OV, 

GPa 

A1 

0.54 

0.07 

- 

- 

- 

ics 

0.62 

0.44 

- 

- 

- 

1C 

0.56 

2.18 

0.13 

0.24 

0.81 

2C 

0.65 

2.69 

0.17 

0.19 

0.80 

3C 

0.66 

2.75 

0.15 

0.23 

0.84 

IP 

0.76 

4.46 

0.20 

0.30 

0.73 

2P 

0.71 

3.98 

0.21 

0.28 

0.79 

,_3P 

0.63 

3.54 

0.16 

0.20 

0.86 

The  sample  1CS  was  solid  solution  treated, 
other  alloy  samples  were  T6  treated. 

For  A I  and  1  Cs  samples  the  parameters  N  and  n 
were  constant  for  the  whole  curve  that  well  obeyed 
Eq.  (1).  In  1CS  sample  these  parameters,  especially 
N],  were  appreciably  higher,  evidently,  due  to  the 
solid  solution  hardening.  The  availability  of  a  large 
amount  of  small  particles  after  T6  treatment 
strongly  changed  the  stress-strain  curve:  it  became 
two-stage  (Fig.  1),  and  the  parameter  A) 
dramatically  increased  that  is  a  consequence  of  a 


527 


II.  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 

 NEW  LEVEL  OF  PROPERTIES 


very  small  L  (Eq.  (2)).  The  parameter  //,  is 
significantly  higher  than  0.5  that  testifies  to  a 
strong  increase  of  dislocation  density.  These 
factors  led  tf  large  values  of  6  (Fig.  1)  in  the  Is' 
stage  of  deformation. 


Figure  1.  Stress-strain  curve  and  strain  hardening 
coefficient  0  for  the  sample  1C 

The  stage  1  is  very  short  (£,<0.0 1),  and  strain 
hardening  parameters  for  the  stage  2  are  much 
smaller  (Table  2).  The  transition  to  the  stage  2  can 
be  associated  either  with  cutting  particles  by 
moving  dislocations  or  particles  sweeping-out 
from  active  slip  planes.  Note  that  the  stresses  a2  of 
beginning  the  2"d  stagl?  are  close  in  C  and  P 
samples  in  spite  of  a  rather  large  difference  in  N. 
Evidently,  therefore  the  Is'  stage  in  P  samples  is 
about  2  times  shorter.  Obviously,  larger  N  in  P 
samples  is  caused  by  their  finer  grain  and  cellular 
structure  and  oxide  films  in  grain  boundaries. 

Fracture  of  A1  sample  occurred  by  a  usual 
ductile  fracture  mechanism  with  the  formation  of  a 
neck,  when  0  <  o  (Considcre  criterion  of 
deformation  localization).  In  1CS  sample  an 
entirely  different  mechanism  of  ductile  fracture 
was  observed,  when  fracture  occurs  along  the  shear 
plane  at  an  angle  of  45°  to  the  sample  axis.  This 
fracture  is  known  as  “void-sheeting"  or  “void 
coalescence  by  shear”  [5].  Voids,  or  pores,  are 
formed  in  deformation  process.  Void  coalescence 
in  the  shear  plane  reduces  the  working  shear  area 
that  localizes  a  further  shear  in  this  plane  till 
sample  failure.  If  weakening  the  shear  plane  by 
pores  is  compensated  by  strain  hardening, 
deformation  localization  docs  not  occur,  and  the 
sample  is  deformed  uniformly.  The  localization 
begins,  when  the  Considere  criterion  is  realized. 

In  T6  treated  samples  the  Considere  criterion 


can  be  realized  in  the  2ncl  stage  of  the  stress-strain 
curve  (see  Fig.  1).  It  is  of  interest  that  often  Q*  a 
in  a  considerable  part  of  the  stress-strain  curve 
(Fig.  1),  and  thus  the  deformation  localization  does 
not  provoke  fracture  immediately.  As  a 
consequence  fracture  may  proceed  in  several 
planes  favorable  for  crack  propagation  (Fig.  2a,  b). 


Figure  2.  Fracture  surfaces  of  tensile  samples: 
a,  c-  1C,  b  -3C.  d-3P 


In  fracture  surface  areas  of  dimple  fracture 
alternated  with  areas  of  fracture  along  cell 
boundaries  weakened  by  MgZm  precipitates  (Fig. 
2c).  In  P/M  samples  before  the  fulfillment  of  the 
Considere  criterion  fracture  started  from  some 
faults  left  after  powder  consolidation,  and  since 
this  moment  fracture  proceeded  in  the  plane 
normal  to  sample  axis  (Fig.  2  d). 

This  work  was  partially  supported  by  STCU, 
project  P061 . 
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ABSTRACT 

This  work  is  devoted  to  obtaining  and 
investigations  of  the  Si3N4-TiN  ceramic 
composites  without  any  additives  and  with  such 
sintering  additives  as  Y2O3,  Y2O3-AI2O3  and  AI2O3, 
based  on  nanosized  powders  and  produced  by  hot- 
pressing.  The  structure,  phase  composition, 
tribology,  and  physico-mechanical  properties  such 
as  hardness,  fracture  toughness,  strength  and  wear 
resistance  have  been  studied  as  a  function  of 
the  TiN  content  in  the  Si3N4-TiN  composite 
materials. 

INTRODUCTION 

Among  other  applications,  Si3N4  materials  are 
currently  used  as  cutting  inserts.  It  is  known  that 
wear  of  ceramic  cutting  tools  is  the  totality  of  the 
adhesive,  abrasive,  chemical  and  diffusional 
components  of  the  process.  For  better  stability 
Si3N4  based  materials  could  be  used  together  with 
TiN  to  improve  the  overall  chemical  resistance. 

The  using  of  nanosized  powders  makes  it  possible 
to  obtain  practically  porosity-free  materials  with 
high  physico-mechanical  properties,  because  of  a 
decrease  in  particles  size  of  original  powders  leads 
to  intensification  of  the  sintering  process. 

Thus,  the  aim  of  these  investigations  is  to  select 
the  best  composition  of  presented  ceramics  based 
on  nanosized  powders  for  cutting  tools.  For  that 
structure,  phase  composition,  tribologycal 
processes,  physico-mechanical  properties: 
hardness,  fracture  toughness,  strength  and  wear 
resistance  have  been  studied  as  a  function  of  TiN 
content  as  well  as  additive  content  in  the  composite 
materials. 

EXPERIMENTAL  DETAILS 

As  the  object  of  the  investigations  Si3N4,  TiN, 
A1203  obtained  by  plasma  chemical  synthesis  were 
used. 

The  powder  batches  for  hot  pressing  were  prepared 
by  mixing  in  acetone  in  a  planetary  mixer.  The  hot 
pressing  was  done  in  multicavity  graphite  dies  at 
1800-1820°C  by  high-frequency  generator  with 
uniaxial  application  of  a  pressure  of  20  MPa  and 
dwell  times  5-20  min. 


The  hardness  and  fracture  toughness  was  measured 
by  using  Vickers  indentor  with  196  N  load. 

The  tribologycal  processes  were  investigated 
according  to  the  method  described  in  literature  by 
determining  the  wear  resistance  of  ceramics  in 
friction  with  a  hard  fixed  abrasive  which  provided 
reliable  information  on  the  complex  of  strength 
characteristics  of  the  specimen,  and  secondly,  by 
evaluating  its  wear  resistance  in  frictional 
interaction  with  the  metal,  which  enabled  us  to 
establish  the  resistance  of  the  ceramic  material 
directly  in  frictional  contact  with  an  actual  metal. 

RESULTS  AND  DISCUSSION 

It  has  been  demonstrated  that  it  is  possible 
to  get  a  high  density  Si3N4-(30-50)wt.%TiN 
composite  materials  from  nanosized  powders  with 
good  physico-mechanical  properties  without  any 
additives  by  hot-pressing  (HV-16.5  GPa,  K)c-6.3 
MPa*M1/2,  strength-595  MPa).  So,  there  is  physico¬ 
chemical  interaction  between  Si3N4  and  TiN, 
because  of  it  is  impossible  to  produce  pore-free 
material  from  nanosized  powders  as  from  Si3N4 
and  from  TiN.  X-ray  diffraction  examinations 
verify  the  given  suggestion. 

Alumina  is  an  excellent  sintering  additive  for  all 
Si3N4-TiN  compositions  of  ceramic  materials  for 
cutting  tools  and  gives  a  possibility  to  produce 
ceramic  materials  with  improved  physico- 
mechanical  properties  (HV-19  GPa,  Kic-8.0 
MPa*M,/2,  strength-800  MPa). 

Y203  as  sintering  additive  promotes  compacting  of 
a  material,  if  the  amount  of  TiN  does  not  exceed 
50  wt.%..  Thus,  Y203  is  the  sintering  additive  for 
Si3N4  and  is  only  suitable  for  composites  based  on 
Si3N4  (TiN<50%). 

The  hardness  of  ceramics  based  on  Si3N4-TiN  from 
nanosized  powders  with  sintering  additives  is  a 
little  bit  higher  than  hardness  of  dense  composites 
without  additives.  If  a  content  of  TiN  is  higher  than 
50wt.%,  there  is  decreasing  in  hardness,  because  of 
lower  hardness  of  TiN  in  comparing  with  Si3N4. 
The  big  porosity  of  hot-pressed  materials  based  on 
Si3N4  and  Si3N4-(  10-20  wt.%)  TiN  does  not  allow 
to  receive  a  big  hardness  of  composites. 

The  best  values  of  a  fracture  toughness  of  all 
explored  materials, are  attained  at  the  (30-50)  wt.%. 
TiN  content.  However,  the  best  values  of  a  fracture 
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toughness  of  SijN.rTiN  composites  without 
additives  are  lower. 

Tire  strength  of  materials  based  on  Si3N4-TiN 
grows  with  increasing  TiN  and  achieves  the 
optimum  at  the  30-50  wt.%.TiN  content.  The 
highest  values  of  strength  were  obtained  in 
materials  of  SLNVTiN-ALCb  system,  because  of 
participation  of  AL03  in  physico-chemical 
interaction  of  Si3N4  and  TiN.  The  strength  of 
materials  of  Si3KrTiN-AI203-Y303  system  is  a 
little  bit  lower.  Its  values  decrease  with  increasing 
of  TiN  content  more  than  60  wt.  %. 

The  examinations  of  a  wear  resistance  of  hot- 
pressed  materials  with  the  sintering  additives  at 
turning  of  a  hardened  steel  45  have  shown,  that 
wearing  does  not  depend  on  a  composition  of  the 
sintering  additive  and  is  determined  completely  by 
amount  30-70  wt.%  TiN,  although  a  structures  of 
these  composites  are  essentially  differ  (Fig.  1). 

The  material  of  a  composition  ShN^ALCh- 
50wt.%TiN  has  demonstrated  the  best  wear 
resistance  at  turning  of  a  steel  111X15  due  to 
excellent  values  of  hardness,  fracture  toughness 
and  strength.  Thus,  high-chromium  steel  is  better 
to  turn  by  ceramic  composites  based  on  TiN 
(TiN>50wt%). 

The  SbN.|-(50-80)\vt.%TiN  composites  have 
shown  a  rather  high  wear  resistance  also,  despite  of 
low  physical-mechanical  properties,  that  confirms 
the  importance  of  absence  of  adhesive  interaction 
of  explored  ceramics  with  a  work  materials. 
Si3N4-20wt.%TiN  composites  demonstrate  the  best 
wear  resistance  in  friction  with  abrasives,  however 
in  friction  with  hardened  steel  the  best  wear 
resistance  is  demonstrated  by  Si3N4-70wt.%TiN 
composites.  Thus,  investigation  of  the  tribologycal 
processes  has  demonstrated,  that  50  wt.%TiN  is 
the  best  content  of  titanium  nitride  in  materials 
based  on  Si3N4-TiN  because  of  it  makes  physico- 
mechanical  properties  enough  high,  and  the 
adhesive  interaction  is  unessential. 

The  effect  of  additive  content  as  well  as  TiN 
content  in  the  composition  of  hot-pressed  material 
on  the  structure  and  phase  composition  of 
produced  ceramics  has  been  revealed. 


All  ceramic  composites  based  on  Si3N4  -  TiN  in 
presence  of  AI2O3  addition  have  higher  physico- 
mechanical  properties. 

It  has  been  shown  by  the  investigations  of  the 
tribologycal  processes,  wear  resistance  and  the 
physico-mechanical  properties:  hardness,  fracture 
toughness  and  strength,  that  the  optimum  content 
of  titanium  nitride  is  50  wt.%  in  the  materials 
based  on  Si3N4  -TiN.  Such  ceramic  composite  is 
potential  materials  for  applications  in  steel 
machining,  where  the  Si3N4  monolithic  inserts 
severely  wear. 


a  b 


c 


CONCLUSIONS  Fig.  1  SEM  of  fracture  surface  of  Si3N4-TiN 

composites:  a  -  50  wt.%  TiN,  b  -  80  wt.%  TiN,  c  - 
The  using  of  nanosized  powders  makes  it  possible  10  wt.%  TiN. 

to  expand  the  obtaining  of  the  practically  porosity- 
free  ceramics  of  the  different  compositions. 

Due  to  physico-chemical  interaction  between  Si3N4 
and  TIN  it  is  permitted  to  create  high-density 
materials  from  Si3N4  -  (30-50  wt.%)  TiN  with 
enough  high  physico-mechanical  properties. 
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With  increases  in  speeds  and  loads,  and, 
consequently,  temperatures  and  strains  in  friction 
assemblies,  the  problem  of  galling  becomes  most- 
urgent.  Its  solution  lies  in  the  field  of  development 
of  composites  with  low  adhesive  activity. 
Refractory  titanium  compounds  (TiB2,  TiC,  and 
TiN)  are  most  attractive  as  a  base  of  these 
composites. 

Works  [1-4]  have  actually  shown  that 
composites  on  the  base  of  binary  titanium- 
chromium  boride  possess  a  high  level  of 
physicomechanical  and  tribologic  properties  and 
that  using  them  as  end  seals  and  bearings  had 
made  it  possible  to  increase  significantly  the  wear- 
resistance  of  the  latter  ones  and  reduce  losses  in 
power  on  friction  of  commercial  internal 
combustion  engines  by  20-30%,  as  well  as  to 
decrease  the  oil  circulation  rate  through  a  turbo¬ 
compressor  [4]. 

New  titanium  nitride-based  composites 
developed  by  us  have  shown  even  a  higher  level 
of  tribologic  properties  and  made  it  possible  to 
pass  from  friction  of  boundary  lubrication  to  dry 
friction. 

'  Several  methods  of  preparation  of  these 
composites  were  developed,  and  the 
physicochemical  conditions  of  formation  of  their 
structure  with  a  high  wear  resistance  under 
conditions  of  dry  friction  were  studied. 

The  influence  of  tire  ratio  of 
components  in  the  composites  on  their 
physicomechanical  properties  was  investigated. 
The  ranges  of  the  stregth  properties  of  these 
materials  (bending  stregth  $  from  700  to  1150 
MPa.  hardness  HRA  from  78  to  87  units)  and  their 
optimum  levels  that  are  890-900  MPa  and  83-85 
units,  respectively,  for  using  in  the  pair  with 
hardened  steels  were  determined. 

Tire  tribologic  characteristics  of 
composites,  namely,  the  friction  coefficient  and 
wear  at  a  sliding  speed  from  5  to  25  m/s  under  a 
load  of  1  MPa  in  the  pair  with  hardened  65G  steel 
in  dry  friction  in  air  were  studied  (Fig.  1). 

It  was  established  that  frame  type 


material  prepared  by  the  impregnation  method 
have  the  level  of  tribologic  properties  which  is 
twice  or  trice  that  of  materials  prepared  by- 
sintering. 

f 

0,17 

o,i6  : 

0,15 
0,14  : 

0,13  ; 

0,12  "| 

0,11  i 

0,1 

0,09  -j 
0,08  : 

0,07  I 
0,06  : 

0,05  — . -  ■ 

0  5  10  15  20  25  V,  m's 


1, 

mkm'km 

1,2  ; 


0,2  '] 


0  5  10  15  20  25  30V,  m's 

Fig.  1 .  Dependence  of  the  friction 
coefficient  (a)  and  wear  (b)  on  the  sliding  speed 
under  a  load  of  1  Mpa  for  friction  pairs: 

1  -  [TiN-CyCrNpAlj  -  65G  steel; 

2  -  [TiN  -NtyAl]  -  65G  steel; 

3  -  [TiN-(60BrOl  0C 1 0-40(Cu-Ni))]  -  65G  steel. 
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The  mechanism  of  wear  and  fracture  of 
composites  in  dry  friction  in  the  indicated  range 
of  speeds  and  loads  was  investigated. 

Test  results  show  indicate  that 
composites  have  a  high  level  of  tribologic 
properties  that  are  almost  an  order  of  magnitude 
higher  than  those  of  familiar  composites  on  the 
base  of  such  refractory  compounds  as  TiC  and 
Cr3C2. 

The  prepared  materials  can  be 
recommended  for  dry  friction  assemblies  at 
sliding  speeds  of  up  to  20  m/s  under  a  load  of  up 
to  1  MPa  inclusive. 
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Sc  is  an  element  of  the  IIIB  group  of 
Periodic  System  as  well  as  Y  and  rare-earth 
metals  (REM).  Alloys  of  Al-REM  systems  are- 
known  as  metallic  glass  forming  alloys  for 
REM  content  of  7- 

16  at.  %  depending  on  alloying  element.  An 
amorphous  structure  was  obtained  for  A1  with  Y, 
La,  Ce,  Pr,  Nd,  Sm,  Gd,  Tb,  Dy,  Ho,  Er  and  Yb 
additions  by  rapid  solidification  technique  in 
melt-spun  ribbons  [1].  At  the  same  time  Sc  that 
has  a  similar  electron  structure  was  not  studied 
as  an  addition  to  A1  in  concentration  range 
pointed  above.  In  rapidly  solidified  ribbons  with 
Sc  content  to  5  at.  %  a-Al  solid  solution  and 
AI3Sc  intermetallic  were  revealed,  and  if  a-Ai 
was  stabilized  by  small  Cr  addition,  ribbon 
hardness  achieved  1600  MPa  [2]. 

We  investigated  the  structure  of  aluminum 
alloyed  with  scandium  in  high  concentration  of 
13  at.  %.  A  rapidly  solidified  ribbon  was 
manufactured  by  the  single-roller  melt  spinning 
technique.  Ingot  of  A!  -  13  at.  %  Sc  master  alloy 
was  melted  in  a  quartz  crucible-nozzle  and  then 
poured  on  the  side  surface  of  a  rotating  copper 
wheel  (the  circumferential  velocity  of  about  40 
m/s).  The  obtained  ribbon  4-6  mm  in  width 
contained  parts  of  various  thickness  from  30  to 
70  pm.  Ribbon  structure  was  studied  by  means 
of  XRD  (X-ray  diffraction)  analysis  in  CuKa 
radiation  and  TEM  (JEM-100CX  microscope). 
The  XRD  investigation  of  the  ribbon  revealed  no 
signs  of  metallic  glass  state,  but  an  unambiguous 
appearance  of  a  quasicrustalline  icosahedral 
phase,  which  is  especially  interesting  (Fig.  1). 
The  XRD  pattern  of  the  initial  ingot  (Fig.  la) 
contained  lines  of  a-Al  and  Al3Sc.  Normal 
A13Sc  lines  (n)  were  of  rather  high  intensity,  and 
superstructure  lines  (s)  were  clearly  seen.  XRD 
patterns  of  ribbons  were  different  for  ribbons  of 
various  thickness.  Thick  ribbons  showed  the 
availability  of  a-Al  and  I-phase  (Fig.  lb).  In  Fig. 
lb  lines  of  I-phase  are  given  with  Cahn  indices 
N/M  [3].  It  is  seen  the  appearance  of  lines  with 
odd  N  that  corresponds  to  the  face-centered 
quasicrystal  reciprocal  lattice  in  the  6- 
dimensional  space.  Similar  lines  were  observed 


in  Al-Mn-Ce  alloys,  and  this  was  interpreted  as 
increasing  the 

chemical  order  under  the  influence  of  Ce  [4], 


Figure  1.  XRD  patterns  of  Al-13  at.  %  Sc  alloy: 
a  -  initial  ingot; 

b  -  ribbon  of  70  pm  in  thickness,  1  day  after 
manufacture; 

c  -  ribbon  of  30  pm  in  thickness,  1  day  after 
manufacture; 

d  -  ribbon  of  30  pm  in  thickness,  45  days  after 
manufacture; 
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e  -  ribbon  of  30  pm  in  thickness,  90  days  after 
manufacture 

Quasicrystalline  particles  in  the  ribbon  were 
of  60-120  nm  in  size  (Fig.  2a). 


c 


Figure  2.  Quasicrystalline  particles  in  the  ribbon 
of  70  pm  in  thickness,  dark  field  image  (a),  a-Al 
matrix  in  the  same  place,  dark  field  image  (b) 
and  electron  diffraction  pattern  from  this  area 

(c) 

In  thinner  ribbons  in  addition  to  the  I-phase 
and  a-Al  a  rather  large  amount  of  Al3Sc  was 
present,  and  superstructural  lines  almost 
vanished  (Fig.  1c).  It  allows  to  suppose  at  least 
partly  disordered  stricture  of  Al3Sc.  XRD  pattern 
of  such  ribbons  changed  with  time:  after  45 


days  since  manufacture  lines  of  I-phase  became 
weaker  and  narrower,  and  Al3Sc  lines  (n)  and  (s) 
became  stronger  (Fig.  Id).  After  staying  for  90 
days  at  room  temperature  I-phase  lines  practically 
vanished  (Fig.  lc).  XRD  pattern  of  thick  ribbons  in 
these  conditions  remained  unchanged.  Thus, 
quasicrystalline  phase  in  ribbons  of  about  30  pm 
thickness  is  unstable  and  transforms  to  crystalline 
Al3Sc. 

Fine  I-phase  particles  give  reflections  in  the 
electron  diffraction  pattern  (EDP)  in  the  form  of 
rings  densely  sawn  by  fine  spots  (Fig.  2c).  Two 
bright  rings  in  Fig.  lc  have  indices  18/29  and 
20/32.  The  dark  field  image  in  Fig  la  was  formed 
by  a  part  of  these  rings.  a-Al  matrix  in  this  volume 
is  a  strongly  distorted  single  crystal  (Fig.  2b),  the 
dark  field  image  (b)  was  formed  by  (222)  A1  spot 
reflection.  With  the  help  of  our  smallest  selecting 
diaphragm  (the  image  forming  area  of  480  nm  in 
diameter)  we  succeeded  to  obtain  a  distinct  5-fold 
symmetry  in  EDP  of  a  rather  large  I-phase  particle 
(Fig.  3). 


Figure  3.  Electron  diffraction  pattern  formed  with  a 
small  selecting  diaphragm  from  quasicrystalline 
particles  in  the  edge  of  the  foil 

Hardness  I1V  of  the  ribbon  of  70  pm  in 
thickness  measured  at  a  load  of  0.5  N  was  2082 
MPa.  It  is  close  to  hardness  of  ribbons  of  Al-Fe-Cr- 
Ti  with  I-phase  particles  of  nanoscale  size 
manufactured  in  our  experiments. 

Thus,  it  is  first  shown  the  formation  of  I-phase 
in  rapidly  solidified  Al-13  at.  %  Sc  alloy,  and  I- 
phase  is  stable  in  70  pm  ribbon  (smaller  cooling 
rate)  and  unstable  in  35  pm  ribbon. 
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The  Al-Zn-Mg  system  is  the  base  for  high- 
strength  wrought  aluminum  alloys  used  in 
aerospace  engineering  [1].  In  order  to  obtain 
hardening  due  to  fine  precipitates  of  the  r\ '-phase 
wrought  semi-products  of  these  alloys  are 
subjected  to  the  thermal  treatment  of  T6  kind 
consisting  in  quenching  from  465-475  °C  and 
aging  at  120-140  °C.  A  very  important  problem  in 
providing  alloy  strength  is  the  preservation  of  the 
non-recrystallized  structure  after  quenching.  Last 
years  it  is  shown  that  the  best  way  for  this  is  an 
additional  alloying  by  small  amounts  of  Sc 
together  with  Zr  [1-3].  It  is  caused  by  the  existence 
while  ssolid  solution  treatment  of  small  (to  20-30 
nm  in  size)  particles  of  the  intermetallic  A13(Sci. 
xZrx)  coherently  bonded  with  A1  matrix.  Ingots  of 
Al-Zn-Mg  alloys  are  often  subjected  to  a 
homogenizing  treatment  in  order  to  eliminate  the 
layers  of  residual  eutectics  in  grain  boundaries  as 
well  as  to  equialize  the  concentration  of  the  main 
alloying  elements  in  grain  body.  Al3(Scj.xZrx) 
particles  are  formed  in  this  process  too  that 
facilitates  the  formation  of  a  uniform  cellular 
dislocation  structure  while  following  plastic 
working. 

Alloys  on  Al-Zn-Mg  base  typically  contain 
small  additions  of  some  other  transition  metals 
(TM).  E.g.,  Mn,  Cr,  Ti  are  introduced  mainly  to 
increase  the  resistance  to  corrosion  cracking  of 
welds  [2],  However,  the  information  about  their 
behavior  in  Al-Zn-Mg-Zr-Sc  alloys  is  very  limited. 
In  this  work  we  studied  the  influence  of  small 
additions  of  TM  (Ti,  Hf,  V,  Nb,  Cr,  Mn,  Ni)  on  the 
formation  of  intermetallic  particles  of  Al3Sc  type 
while  ingot  homogenization  and  on  the  tendency  to 
recrystallization  in  wrought  semi-products  of  the 
model  alloy  Al-7.lZn-l.3Mg-0.12Zr-0.05Sc  (the 
content  of  elements  is  given  in  wt.  %).  From 
equilibrium  diagrams  [4]  we  can  expect  a 
dissolving  of  some  TM  in  Al3Sc  like  Zr  and  thus 
intensifying  the  influence  of  Sc. 

Ingots  were  produced  in  the  air  using  an 
induction  furnace  with  graphite  crucible.  TM  were 
introduced  into  the  melt  by  dilute  master  alloys 
manufactured  in  an  argon-arc  furnace.  Ingots  of  25 
mm  in  diameter  and  100  mm  in  length  were 


obtained  by  pouring  into  thick-wall  copper  molds. 
13  alloys  were  investigated  (Table  1). 

Table  1 .  Alloying  elements  and  hardness  HV 
of  as-cast  alloys  after  homogenization  annealing 


at  470  °C  for  3  h 


Alloy 

# 

Content  of  the  element,  wt  % 

HV, 

MPa 

Zr 

Sc 

TM 

1 

0.13 

- 

- 

922 

2 

0.12 

0.05 

- 

947 

3 

0.10 

0.10 

- 

1025 

4 

0.11 

0.15 

- 

1144 

5 

0.13 

0.05 

0.07Ti 

1012 

6 

0.08 

0.07 

0.41Flf 

961 

7 

0.10 

0.05 

0.19V 

958 

8 

0.18 

0.06 

0.08Nb 

966 

9 

0.12 

0.06 

0.26Cr 

986 

10 

0.12 

0.05 

0.47Mn 

1009 

11 

0.12 

0.05 

0.09Ni 

1046 

12 

0.05 

0.05 

- 

952 

13 

- 

0.05 

0.37Hf 

900 

Hardness  was  measured  by  Vickers  pyramid  with 
the  load  of  100  N. 

Ingot  homogenization  resulted  in  a  significant 
hardening.  A  sharp  rise  of  hardness  occurred  after 
15  min  annealing  with  further  deceleration.  For 
annealing  times  3-24  h  hardness  was  almost 
invariable  and  than  began  to  drop  [3].  In  ingots 
additionally  alloyed  with  Ti,  Ni,  Mn,  Cr  hardness 
was  appreciably  higher  than  in  the  ingot  #2  without 
additional  alloying,  but  smaller  than  in  the  ingot  #4 
with  0.1 5Sc. 

TEM  investigation  of  homogenized  ingots 
revealed  in  their  body  a  large  amount  of  small 
coherent  particles.  Most  of  them  (type  1)  were 
spherical  particles  with  a  characteristic  two-leaves 
contrast  of  Ashby-Brown  type  [5]  in  bright  field 
image,  and  in  accordance  to  the  results  of  EDX 
analysis  (Table  2)  they  are  Al3(Sci_xZrx)  inter- 
metallics.  Note  that  the  information  for  EDX 
analysis  is  taken  from  the  volume  much  larger  than 
particle  size,  and  the  data  of  Table  2  permit  only  to 
make  conclusions  about  the  presence  of  elements 
in  the  particle  and  about  the  ratio  of  their 
concentrations.  Mn  revealed  in  particles  1  in  alloy 
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#1 1  is  evidently  in  the  a-Al  solid  solution  [6], 


Table  2.  Content  of  alloying  elements  in 
coherent  particles  and  their  average  size  d  in  ingots 
_  homogenized  at  470  °C  for  3  h _ 


Alloy 

# 

Parti¬ 

cle 

type 

Element  content ,  wt  % 

d, 

pm 

Zr 

Sc 

TM 

added 

2 

1 

2.86 

2.49 

- 

25.6 

4 

10.6 

5 

1 

0.83 

0.58 

- 

22.5 

2 

1.89 

9.08 

Ti<2a 

73.0 

6 

1 

0.04 

1.75 

- 

41.7 

2 

2.07 

10.7 

l.OHf 

88.8 

7 

1 

0.63 

0.14 

0.06V 

42.9 

2 

1.74 

3.13 

0.06V 

88.0 

8 

1 

3.24 

1.51 

- 

24.3 

2 

1.68 

1.22 

<0.08Nb 

70.0 

9 

1 

0.62 

1.16 

22.8 

2 

2.29 

10.05 

0.8Cr 

55.1 

10 

1 

1.26 

1.60 

0.84Mn 

28.6 

2 

1.03 

4.63 

1.1 6Mn 

76.2 

11 

1 

1.83 

3.85 

- 

26.1 

2 

1.44 

5.49 

0. 17Ni 

38.7 

In  ingots  alloyed  by  TM  there  were  also  found 
about  two  times  larger  particles  of  the  type  2  that 
contain  the  added  TM  (Table  2).  They  are  also 
coherently  bonded  with  the  matrix  (Fig.  la)  and 
often  are  faceted  (Fig.  lb).  Difficulties  in  revealing 
Ti  are  connected  with  the  overlapping  of  its 
spectral  peak  with  one  of  Sc  that  may  lower  the 
intensity  of  the  Ti  peak  to  the  value  smaller  than 
the  standard  deviation  of  the  experimental  points 
2a.  Particles  of  the  type  2  were  situated  in  some 
areas  separately  from  particles  of  the  type  1 . 

In  addition  alloying  by  TM  influences  the 
average  size  (Table  2)  and  size  distribution  (Fig.  2) 


Fig.  1 .  Particles  of  the  type  2  in  homogenized 
ingots  of  alloy  #2:  bright  field  image  (a)  and  dark 
field  image  (b) 


Particle  size,  nm 

a 


Particle  size,  nm 

b 

Fig.  2.  Size  distribution  of  Al3(Sc|.xZrx) 
particles  in  homogenized  ingots  #2  (a)  and  #5  (b) 

Alloying  with  Ti,  Cr,  Ni  narrowed  the  size 
distribution  of  particles  1,  alloying  with  Hf  and  V 
widened  it.  This  can  explain  the  stronger  increase 
of  hardness  in  homogenized  ingots  with  Ti,  Ni  and 
Cr  (Table  1). 

A  complete  retard  of  recrystallization  while 
heating  to  465  °C  of  rods  6  mm  in  diameter 
extruded  from  the  ingots  at  350  °C  was  observed  in 
alloys  #4-9.  For  alloy  #2  a  partial  recrystallization 
took  place  in  peripheral  areas  of  the  rod. 
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BEHAVIOR  OF  Ti-Al-Si-Zr  ALLOYS 
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Frantsevich  Institute  for  Problems  of  Materials  Science  of  NAS  of  Ukraine,  Kyiv,  Ukraine 


Elaboration  of  technology  hot  deformation 
of  Ti-Al-Si-Zr  alloys  is  the  important  task.  The 
solution  of  this  problem  will  allow  creating 
technological  physical  basis  for  hot 
deformation  of  Ti-Al-Si-Zr  eutectic  alloys  and 
regulating  a  complex  of  their  mechanical 
properties  in  a  direction  of  enhancement  of 
plastic  characteristics.  The  optimizations  of 
technological  conditions  suppose  the  solution  of 
two  problems:  to  prepare  the  constructions  with 
special  shape  under  condition  of  minimum  power 
costs,  and  to  create  an  optimal  structure  of 
materials  and,  as  a  consequent,  maximum 
mechanical  property.  The  second  problem  recently 
attracts  the  special  attention  of  scientist  [1], 
because  of  it  gives  the  possibility  to  receive  a 
unique  structural  states.  Therefore,  manufacturing 
of  new  hot  deformation  technology  of  Ti-Al-Si-Zr 
alloys  must  precede  the  stage  of  systematic 
scientific  researches,  which  one  is  founded  on 
substantial  knowledge. 

The  most  important  points  of  this  analysis  are: 

1.  Ranking  and  selection  of  conditions  of  hot 
deformation. 

2.  Analysis  of  process  of  structural  evolution  under 
different  condition  of  hot  deformation. 

3.  Analysis  of  influencing  of  structure  on 
mechanical  properties  and  mechanisms  of 
deformation  and  fracture. 

Materials  and  methods 

Eutectic  alloys  were  smelted  with  plasma-art 
furnace.  Cylindrical  ingots  have  60  mm  diameter 
150  mm  length  and  the  weight  2-3  kg.  40  ingots  of 
different  Ti-Al-Si-Zr  alloys  were  obtained  by  this 
technological  way.  Chemical  composition  of  these 
alloys  is  shown  in  the  Table. 


Table:  Composition  of  alloys  studied 


Alloy 

Chemical  composition 

AI 

Si 

Zr 

Base 

2-01 

3,1 

2,0 

4,8 

Ti 

4-02 

3,1 

4,0 

4,7 

Ti 

6-03 

3,3 

6,0 

4,9 

Ti 

Termomechanical  treatment 
The  ingot  for  forging  was  firstly  treated  by 
mechanically  to  diameter  of  58  mm  and  length 
from  40  to  125  mm.  The  ingot  was  heated  in  gas 
furnace  slowly  from  room  temperature  to  900°C 
followed  by  quicker  heating  up  to  1100°C  for  15 
min.  Pneumatic  press  MA-417  with  an  effort  750 
kgs  was  used  for  forging.  Investigated  were 
structural  evolution  and  mechanical  properties  of 
Ti-Al-Si-Zr  system  alloys  with  different  silicon 
content  (2,  4,  6%),  deformed  by  forging  up  to  , 
90%  deformation  powers  (Fig.l). 
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Fig.  1  Structure  of  deformed  Ti-3AI-4Si-5Zr  alloys 
with  different  silicon  after  deep  plastic  deformation 
with  forging  (a-2%Si,  b-4%Si,  c-6%Si). 

Experimental  results  and  discussion 

Four  point  bending  and  uniaxial  tension  were  used 
for  investigation  of  influence  of  deformation 
degrees  on  plasticity  of  deformed  materials.  Four- 
point  bending  tests  experimental  data  are  shown  in 
Fig.2.  Experimental  data  demonstrate  essential 
increasing  of  plasticity  of  samples  deformed  to 
large  deformation  degrees  (60  and  90%)  for  alloys 
with  different  content  of  silicon.  The  elongation 
under  tensile  test  also  demonstrates  the  tendency  of 
increasing  with  plasticity  rise  of  deformation.  The 
data  shown  in  a  Fig.  2  demonstrate  presence  of 
preliminary  plastic  deformation  on  bend  on 
samples  deformed  by  forging  up  to  large 
deformation  degree  (90  %). 


Fig.  2  Influence  of  preliminary  plastic  deformation 
on  bend  ductility  of  Ti-Al-Si-Zr  alloys  with 
different  silicon. 


Evidently,  the  increase  of  plasticity  in  eutectic 
alloys  after  thermo  mechanical  treatment  is 
connected  with  fragmentation  of  structure,  which 


takes  place  at  increase  of  deformation  power. 
Results  of  transmission  electron  microscopy 
showed  that  in  deformed  state  the  grain  size 
decrease  up  to  3-5  microns  (as  compare  to  200 
microns  for  an  initial  as-cast  condition).  As  the 
result  the  size  to  an  initial  crack  reduces  and  the 
value  of  an  ultimate  stress  increases.  The  transition 
from  cleavage  to  ductile  fracture  takes  place. 

It  may  be  demonstrated  the  presence  of  micro 
cracks  in  low  silicon  material  deformed  by  forging 
at  30%  deformation.  Such  defects  result  in 
reduction  of  microdeformation  stress.  Investigation 
of  microstructure  in  highly  deformed  materials 
demonstrates  a  dispersion  of  eutectics  colonies. 
But  the  residual  cracks  in  the  high  deformed 
materials  have  not  been  found.  Healing  of  cracks 
under  forging  process  occurs  simultaneously  with 
refinement  of  eutectic  structure.  Such  structural 
evolution  promotes  to  increasing  of  plasticity'  and 
to  essential  enhancement  of  low  temperature 
strengthening. 

Conclusions 

1.  On  the  basis  of  experiments  the  optimal 
interval  of  1050  -1 100°  C  for  hot  deformation 
of  eutectic  Ti-Al-Si-Zr  system  alloys  is 
elaborated. 

2.  The  forging  up  to  degrees  more  then  60%  is 
the  optimal  thermo-mechanical  treatment 
increasing  low  temperature  plasticity. 

3.  In  highly  deformed  alloys  with  forging  (60% 
and  90%)  the  cracks  are  healed  during  hot 
deformation.  Simultaneously,  a  fragmentation 
of  grain  of  eutectic  structure  takes  place. 

4.  In  optimal  structural  states  deformed  samples 
demonstrate  considerable  macro  deformation. 
After  forging  deformation  (90%)  the 
elongation  of  Ti-3%Al-2%Si-5%Zr  alloys 
reaches  value  4%,  in  samples  Ti-3%A!-4%Si- 
5%Zr  and  Ti-3%Al-6%Si-5%Zr  the  elongation 
reach  accordingly  2,7  and  1,8%. 

5.  In  material  deformed  by  forging  to  low 
deformation  power  (30%)  the  presence  of 
cracks  was  observed.  It  is  the  main  reason  of 
brittleness  of  low  deformed  alloys 
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Usage  of  intennetallic  compounds  as 
diffusive  barrier  films  allows  to  increase  the 
possible  working  temperature  of  many  materials 
and  alloys  [1,2]  .Therefor  the  study  of  kinetics  of 
intennetallic  films  forming,  structural  features, 
mechanical  characteristics  is  of  interest. 

In  the  present  work  the  kinetics  of  formation 
intermetal  1  ides  is  investigated  during  annealing 
of  chromium  plates  with  sprayed  lamina  of  IV 
group  metal  (Ti,  Zr). 

For  fulfilment  the  work  the  dilute  alloy  of 
chrome  BX2K  was  used.  A  film  of  titanium  or 
zirconium  were  sprayed  on  plates  by  the  size 
25x10x1  mm3  with  unevenness  0,4  microns.  The 
method  of  spraying  was  electron-beam 
vaporization.  The  installation  BY-2M  with 
vacuum  3x10  -5  Pa  was  utillized.  For  deriving  of 
high  adhesion  strength  and  needed  structure  of  a 
films  spraying  was  performed  on  heated 
substrates.  The  substrates  temperature  was  700- 
850  °C  .  Films  of  titanium  by  thickness  20-32 
microns  were  obtained  with  speed  of 

condensation  v=0,32  and  0,54  microns  /  minute. 
A  film  of  zirconium  by  thickness  5-30  and  75 
microns  were  obtained  with  speed  of 

condensation  v=0,ll  and  0,48  microns  /  minute, 
accordingly. 

The  annealings  for  forming  intennetallic 

-3 

compounds  were  conducted  in  a  vacuum  3x10" 
Pa  in  temperature  range  of  1100-1200  °C. 

Study  of  a  zone  of  reactionary  diffusion  was 
conducted  on  cross-cut  microsections  with  the 
help  of  raster  microscopy  and  X-ray 
microspectral  analysis  with  Supperprobe-733,  and 
also  by  indentayion  with  Nano  Indenter  II  and 
FIMT-3.  X-ray  phase  analysis  was  conducted  on 
an  exterior  surface  of  spraying  films  with  the 
difractometr  f[POH-3  in  Cu-Ka  radiating. 

Despite  of  high  temperature  of  a  substrate 
(up  to  850  °C),  formation  of  intermetaiic  phases 
after  evaporation  is  not  stated.  The  noticeable 
generation  rate  of  intennetallic  interlayer  of 
TiCi'2  and  ZrCr2  is  watched  after  annealing  at 


temperature  1100  °C  and  above.  If  intermetallide 
has  fonned  on  a  cross-cut  microsection  at 
transferring  through  a  demarcation  zone  between 
Cr  and  Ti  (Zr)  the  characteristic  shelf  on  chemical 
elements  distribution  curve  obtained  with  help  of 
a  X-ray  spectral  analysis  appear(fig.  la). 
Nanoindentation  test  as  well  allows  to  detennine 
formation  of  intermetallide  as  appearance  in  a 
diffusion  zone  of  an  interlayer  with  anomalously 
high  hardness.  Nanohardness  of  intennetallic  strata 
are  of  13,0-13,6  GPa  for  TiCr2  and  of  12,9  GPa 
for  ZrCr2. 

X-ray  phase  analysis  has  shown,  that  there  is  a 
formation  of  low  temperature  allotropic 
modification  of  intennetallic  compounds  in 
diffusion  zone.  Cubical  modification  of  TiCr2  and 
hexagonal  modification  of  ZrCr2  are  generated. 

It  is  established  that  the  processes  of  forming 
of  intennetallic  strata  at  annealing  of  chrome  with 
coatings  from  titanium  and  zirconium  differ  one 
from  another.  In  case  of  zirconium,  front  of  a 
generating  interlayer  of  intennetallic  compound  is 
flat  on  both  sides  of  stratum.  The  total  thickness  of 
an  intennetallic  compound  and  stayed  stratum  of 
zirconium  remains  practically  to  constant  and  equal 
original  thickness  of  coating  (fig.  1  a,  b).  In  case  of 
titanium,  the  total  thickness  of  interlayer  of 
intermetallic  compound  and  stayed  titanium  coating 
exceeds  original  thickness  of  coating  (fig.  lc,d). 
And,  in  the  side  of  chrome  front  of  growth  of  an 
intermetallic  compound  is  flat,  whereas  in  the  side 
of  titanium  front  the  going  around  forward  needles 
are  watched.  With  magnification  of  temperature  of 
annealing  up  to  1200  °C  the  growth  of  needles 
thickness  took  place. 

In  the  table  dependence  of  the  width  values 
of  intermetallides  interlayer  for  systems  Cr-Ti,  Cr- 
Zr  on  temperature  and  duration  of  annealing  are 
given. 

As  follows  from  the  table,  width  of  a 
generating  zone  of  reactionary  diffusion  in  case  of 
coating  from  zirconium  is  twice  less,  than  it  is  for. 
case  of  coating  from  titanium. 
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Fig.  1  Microstructure  of  a  diffusion  zone 

Cr  -  Zr:  a)  After  evaporation;  b)  after  annealing  1200  °C  2  hours 
Cr  -Ti:  c)  After  evaporation;  d)  after  annealing  1 100  °C  2  hours 
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The  difference  of  atomic  radiuses  of  metals 
allows  to  suspect  presence  of  distinction  of  partial 
diffusion  coefficients  of  metals  in  intermetallic 
compounds.  A  variance  of  atomic  radiuses  is 
specially  large  in  case  of  using  of  zirconium. 
However,  down  to  self-controls  during  nine  hours 
the  formation  of  Fracnkel's  pores  [3]  is  not 
discovered. 

At  formation  of  an  intermetallic  compound 
volume  become  approximately  in  3  times  more 
than  volume  which  was  earlier  occupied  by 
zirconium  atoms  entering  in  reaction.  If  the 
thickness  of  a  initial  layer  of  zirconium  coating  is 


determined  with  help  of  microphotographs, 
obtained  mean  of  thickness  is  larger  than  if 
method  of  weigting  and  counting  with  assumption 
about  of  100%  deuce  of  film  is  used.  It  means, 
that  spraying  film  of  zirconium  has  porosity  and 
estimate  gives  porosity  value  up  to  15  %.  The 
presence  of  such  porosity  can  not  explain  why 
the  total  thickness  of  an  intermetallic  compound 
and  residual  zirconium  film  remains  persistence 
if  it  is  not  suspected  that  dissolution  of  zirconium 
in  chrome  take  place. 

It  is  possible  to  draw  a  conclusion,  that 
selection  of  thickness  and  gravity  of  the  spraying 
film  allows  to  receive  a  dense  stratum  of  the 
intermetallic  compound  without  formation  of 
Fraenkel's  pores  despite  of  diffusion  coefficients 
difference  of  using  metals. 
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At  the  creation  of  heat  resistant  heat  proof 
composite  materials  (CM)  requires  it  is  to  know 
the  possibility  of  the  diffusion  interaction  between 
component  of  CM.  CM  contains  strengthening  and 
dampinging  elements  for  maintenance  of  high 
strength  and  crack  resistance,  which  should  not 
lose  the  properties  at  enough  high  working 
temperatures  and  long  times  of  endurance.  With 
the  purpose  of  preservation  CM  long-lived  must 
use  antidiffusion  barriers  for  preventing  interaction 
between  individual  components.  This  problem  is 
very  actual. 

The  researches  of  resistance 
intermetallides  (Laves  phases)  Cr-Ti  (Zr,  Hf) 
system  at  the  temperatures  up  to  1 573  K  with  the 
purpose  of  their  possibility  the  use  in  quality 
antidiffusion  banders  between  various  alloys  on  a 
basis  chromium  can  represent  significant  interest 
for  creation  CM  on  base  of  plastically  chromium 
matrix. 

The  analysis  of  the  double  diagrams  of  a 
state  for  Cr-Ti,  Cr-Zr,  Cr-Hf  systems  has  shown, 
that  in  all  these  systems  at  30-35  at.%  of  a 
component  1Y  A  group  the  Laves  phase  of  a  Cr2Ti 
(Zr,  Hf)  type  is  fonned.  This  phase  is  underdone 
polymorph  transformation  from  the  high- 
temperature  p-phase  with  a  cubic  lattice  (A  15)  in 
the  low  temperature  a-phase  with  a  hexagonal 
lattice  (A  14). 

The  BT1-0  titanium  foil  by  thickness  60 
microns  was  used  for  research  of  system  Cr-Ti 
pair.lt  was  placed  between  two  plates  of  the  BX- 
2K  delute  chromium  alloy  by  thickness  of  1  mm, 
and  then  it  was  spent  the  diffusive  welding  at  the 
temperatures  1123  or  1273  K  in  vacuum  10  2  Pa, 
specific  pressure  25  MPa  for  20  minutes  under 
loading. 

For  research  of  system  Cr-Zr  a  high 
quality  (iodide)  zirconium  foil  by  thickness  70 
microns  was  used,  and  for  Cr-Hf  pair  the 
specimens  of  high  quality  (iodide)  hafnium 
thinning  up  to  1000  microns  by  a  mechanical  way 
was  used.  For  Cr-Zr  system  the  temperature  of 
diffusion  welding  was  1273  and  1323  K,  vacuum 
1  O'2  Pa,  the  for  20  minutes  at  specific  pressure  25 


MPa,  and  for  Cr-Hf  system  specific  pressure  was 
increased  up  to  70  MPa. 

The  annealing  was  spent  in  vacuum  10"' 
Pa  at  the  temperatures  1373  and  1473  K  for  2,  5, 
and  10  hours. 

The  structural  researches  was  spent  with 
the  help  of  scanning  electronic  microscopy 
"Superprobe  -733”,  which  allows  also  to  carry  out 
local  x-ray  spectral  analysis  in  a  researched  zone. 
The  diameter  of  a  probe  was  3,0-4, 0  microns. 

It  has  been  established,  that  the  diffusive 
zone  is  formed  during  the  annealing  at  the 
temperatures  1373-1473  K  by  initial  components, 
which  is  represented  a  layer  of  intermetallide.  The 
intermediate  condition  of  a  type  "eutectics  +  a- 
phase  "  is  not  fonned.  The  rate  of  intermetallide 
layer  growth  in  Cr-Ti  system  is  larger  in  3-4  times, 
than  this  in  Cr-Zr  system  (fig.l).  There  was  the 
inconvenient  take  place  at  the  metailographical 
research  of  Cr-Hf  system  connected  with  the 
division  of  the  samples  on  two  half  during  its 
preparation  of  the  specimens  after  annealing. 

The  measurements  of  microhardness  have 
shown,  that  the  microhardness,  for  example,  of 
TiCr2  phase  is  14,6  ±  0,6  GPa  and  almost  in  6 
times  surpasses  microhardness  of  the  delute 
alloying  BX-2K  alloy.  This  implies,  that  the 
intermetallide  layers  can  be  used  as  strengthening 
layers  in  CM. 

The  researches  have  show,  that  diffusion 
is  accompanied  by  the  intensive  formation  of  the 
pores  (pores  Frenkel).  Probably  besides  formation 
of  the  pores  the  effect  of  Kirkendal  may  take  place 
and,  since  the  growth  of  diffusion  layer  goes  in 
both  parties,  but  mainly  in  the  chromium  side 
because  of  the  large  difference  of  the  self-diffusion 
coefficient  of  chromium  and  metals  of  1Y  A 
group.  The  accounts  of  self-diffusion  coefficient 
because  of  strong  pore  formation  can  have  the 
large  error  in  the  party  of  their  increase,  since  the 
effective  surface  actually  is  significant  less  than 
calculated  and  changes  with  decrease  of  the 
duration  annealing.  If  to  take  into  account  this 
error,  it  is  possible  to  assert,  that  coefficient  mutual 
diffusive  will  be  much  larger.  The  microsteps  are 
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Fig.l .  Change  of  width  of  the  diffusion 
zone  for  Cr-Ti,  Cr-Zr  systems  after  annealing  at 
the  temperature  1373  K  in  vacuum  against  the 
time. 

found  out  inside  pore  (fig.2),  that  can  testify  about 
dislocation-vacancy  transfer  of  substance  during 
the  mutual  diffusion.  Thus  it  is  possible  to  assume, 
that  in  the  diffusion  pairs  the  supersaturation  by 
paint  defects  is  supported  by  a  difference  of 
counter  flows  of  atoms  at  the  expense  of  various 
diffusion  coefficient  of  the  researched  component. 
The  occurrence  of  the  microsteps  in  pore  is  caused 
by  that  the  forming  surface  is  simultaneously  drain 
of  vacancies  and  dislocations,  which  is  drive  to  a 
forming  surface  from  volume  of  a  diffusion  zone. 

Summary. 

1 .  At  the  research  of  the  diffusive  mobility 
on  the  boundary  of  division  in  Cr-Ti  (Zr,  Hf) 
systems  received  by  diffusion  welding  of 
researched  components  with  the  subsequent 


annealing  at  the  temperatures  1373-1473  K  it  is 
established,  that  diffusive  zone  is  formed  on  the 
interface  between  components.  The  spent  x-ray 
spectral  analysis  is  determined,  that  the  zone 
consists  of  Cr2Ti  (Zr,  Hf)  intermetal lide. 

2.  The  process  of  diffusion  interaction  is 
accompanied  the  intensive  pores  formation  on  the 
interface  between  components,  and,  with  increase 
of  the  temperature  and  time  the  quantity  pores  is 
increased. 

3.  The  experiments  have  shown,  that  the 
interlayers  using  for  formation  of  intermetallide  in 
the  Cr-MeIY  system  as  diffusion  barrier,  should  not 
exceed  5-10  microns,  since  at  the  more  large 
thickness  the  pores  is  formed  intensively  on 
boundary  of  the  diffusion  zone,  which  can  result  to 
scaling  intermetallide  from  strengthening  or 
damping  layers  in  the  composite  materials. 


Fig.2.  Photomicrographs  of  the  pores, 
which  formed  on  the  interface  in  Cr-Hf  system  the 
after  the  annealing  in  vacuum  at  1473  K.  for  2 
hours: 

a)  x6000;  b)xl000. 
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Amorphous  metallic  alloys  were 
discovered  more  than  40  years  ago.  In  spite  of  this 
fact  they  are  still  of  interest  for  the  scientists  all 
over  the  world.  First  of  all  it  is  connected  with 
their  unique  properties.  Formerly  amorphous 
metals  were  used  mainly  as  functional  materials 
(soft  magnetic  ones  for  instance)  due  to  small 
thickness  of  amorphous  objects.  Recently 
discovered  systems  of  the  alloys  with  low  critical 
cooling  rate  make  possible  manufacturing  of  bulk 
amorphous  articles  [1].  This  allows  using 
amorphous  metals  as  a  construction  material,  and 
hence  investigation  of  mechanical  properties  of 
these  materials  becomes  more  and  more  actual. 

The  investigation  presented  here  was 
performed  with  Zr5oTii6.5Cui5Nii8.5  bulk  metallic 
glass  forming  alloy.  The  alloy  was  produced  in  the 
form  of  a  thick  ribbon  using  single  roller  melt 
spinning  technique.  The  mechanical  properties  of 
the  material  were  studied  by  an  original  method  of 
cyclic  nanoindentation  (Nano  Indenter-II  device) 
with  registration  the  load  -  penetration  depth  (h) 
curve.  This  method  together  with  special  data 
processing  allows  determining  hardness,  Young’s 
modulus  and  other  mechanical  characteristics  of 
the  material  under  investigation  [2],  Vacuum 
annealing  in  the  temperature  range  of  125  -  525  °C 
was  used  for  changing  the  alloy  structure. 
Transmission  electron  microscopy  and  differential 
scanning  calorimetry  methods  were  used  for 
investigation  the  structure  of  the  annealed  samples. 

In  accordance  to  the  DSC  data  no  structure 
transformation  occurred  on  annealing  at  125  and 
225  °C,  and  hardness  of  the  material  did  not 
change.  Annealing  at  the  temperature  of  325  °C  led 
to  an  insignificant  structure  modification  resulted 
in  some  hardness  growth.  Increasing  of  the 
annealing  temperature  up  to  425  °C  allowed  to 
obtain  a  mixed  amorphous-crystalline  state 
(annealing  time  7.5  min)  as  well  as  nano-grained 
crystalline  state.  More  coarse-grained  crystalline 
samples  were  formed  after  annealing  at  525  °C. 

Mechanical  behavior  of  amorphous  (as- 
received),  mixed  amorphous-crystalline  and  fully 
crystalline  specimens  was  studied  (Fig.  1).  It  was 


shown  that  the  process  of  plastic  flow  upon 
indentation  is  significantly  different  for  various 
structural  states.  The  transition  from  pure  elastic 
loading  to  plastic  deformation  is  very  sharp  for 
amorphous  (as-received)  sample  (Fig.  2),  and  its 
further  plastic  flow  is  realized  highly  unevenly. 


525  °C,  4  hours 
Figure  1 


543 


II.  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 
_ _ NEW  LEVEL  OF  PROPERTIES 


In  the  case  of  completely  crystalline  alloy 
(annealing  at  525  °C  during  4  h)  the  transition 
from  elastic  to  plastic  deformation  occurred 
uniformly  and  smoothly.  The  mixed  state  is 
intermediate  with  respect  to  mechanical  behavior. 
Jumps  are  also  present  in  the  curve,  but  arc  not  so 
strongly  marked. 


from  under  indentor  are  visible.  Indentation 
structure  confirms  the  non-homogeneous  character 
of  plastic  flow  under  indentor.  One  may  suppose 
that  each  layer  formation  is  accompanied  by  sharp 
average  contact  pressure  release  visible  in  the 
curve. 


Figure  2 


Figure  3 


In  mixed  state  the  crystalline  phase 
particles  act  as  an  effective  barrier  to  suppress  the 
shear  deformation  of  the  amorphous  matrix.  As  a 
result  deformation  occurs  at  higher  average  contact 
pressure.  Plastic  flow  becomes  less  localized,  and 
jumps  in  the  curve  are  not  so  strongly  marked. 

Homogeneous  plastic  flow  takes  place  in 
Hilly  crystalline  sample,  and  plastic  deformation  at 
loading  occurs  uniformly  and  smoothly. 

This  work  was  partially  funded  by  STCU  (project 
1997). 

1.  Inoue  A.  //  Acta  mater.  -  2000.  -  48.  - 
p.  279  -  306. 

2.  Dub  S.N.  //  In:  MRS  Symp.  Proc. 
Vol.  505,  MRS,  Pittsburgh.  -  1998.  - 
p.  223  -  228. 


Non-uniform  deformation  of  the 
amorphous  sample  during  indentation  is  apparently 
connected  with  heterogeneous  plastic  flow  of  an 
amorphous  alloy  at  room  temperature.  Owing  to 
the  absence  of  deformation  strengthening  the 
plastic  flow  occurs  and  leads  to  significant  one- 
shot  deformation.  The  view  of  the  indentation  on 
the  surface  of  the  amorphous  alloy  is  given  in 
Fig.  3.  Separate  portions  of  the  material  extruded 
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The  quantitative  indexes  of  microstructure  in 
WC+15  mass  %  cemented  carbide  fabricated  by 
sintering  in  hydrogen,  in  vacuum  as  well  as  by  hot 
pressing  in  vacuum  are  considered  as  a  result  of 
stereological  study  of  microstructure.  It  is  shown 
that  sintering  conditions  essentially  influence  on 
the  structure  and  mechanical  properties  of  the 
cemented  carbide  above. 

A  commercial  powder  mixture  with  the 
content  (in  mass)  of  8.4  %  Ni,  5.9  %  total  carbon, 
0  %  free  carbon,  0.07  %  Fe,  0.19  %  02,  and 
0.02  %  N2  is  used.  The  mean  tungsten  carbide 
grain  size  in  the  mixture  is  1.71  pm. 

The  sintering  of  specimens  in  hydrogen  is 
carried  out  in  an  experimental  two-zone  muffle 
furnace  with  graphite  heater.  For  vacuum  sintering 
a  laboratory  vacuum  furnace  is  used.  The  hot 
pressing  of  preforms  in  vacuum  is  carried  out  in 
laboratory  impact  machine  with  vacuum  chamber. 

Structural  studies  carried  out  on  a  section  with 
three  photos  for  each  specimen.  The  photos  are 
made  with  the  use  of  electron  microscopes  “Super- 
Probe  733"  and  T-20.  A  total  area  of  specimen  in 
study  amounts  to  1300  pm2.  The  quantitative 
characteristics  of  structures  are  determined  by  a 
method  of  intersecting  lines  [1].  Processing  of  the 
structure  photos  by  35  intersecting  lines  provides 
an  estimate  accuracy  of  2.5  %  for  the  volume 
fraction  of  carbide  phase,  3.5  %  for  the  phase¬ 
boundary  surface  ,  4-5  %  for  the  contact  surface 
of  carbide  grains,  and  2  %  for  the  representative 
size  of  tungsten  carbide  particles. 

The  mechanical  properties  of  cemented 
carbides  are  determined  by  accepted  methods.  For 
determination  of  a  density,  the  method  of 
hydrostatic  weighing  is  used. 

The  Vickers  hardness  (HV)  of  cemented 
carbide  is  determined  in  a  unit  TK  according  to  an 
indentation  diagonal  length  forming  as  a  result  of 
impression  of  a  diamond  pyramid  with  the  corner 
at  a  top  of  136°. 

The  transverse  rupture  strength  (TRS)  of 
specimens  is  examined  in  tension  test  machine  P-5 
by  three-point  bending  with  a  distance  between 


fulcrums  of  30  ±0.5  mm.  A  loading  tool  rate  is 
5  mm/min.  The  compression  strength  (acom) 
cemented  carbide  is  examined  in  a  hydraulic  press 
of  the  P-50  model.  The  working  elements  of  test 
implement  are  made  of  the  WC+2  mass  %  Co 
cemented  carbide. 

The  cemented  carbide  fracture  toughness  (KIc) 
is  determined  by  the  method  of  transverse  rupture 
stress  testing  on  the  specimens  with  incision.  The 
latter  is  made  in  spark-cutting  machine  by  brass 
wire  with  the  diameter  of  0.1  mm.  The  length  and 
width  of  incision  are  equal  2  mm  and  0.155  mm 
respectively. 

The  impact  strength  (KC)  of  the  specimens  is 
determined  in  impact-testing  machine  of  the  type 
of  04  according  to  the  energy  of  the  specimen 
fracture. 

The  determination  of  Young’s  elastic  modulus 
(E)  is  made  by  the  dynamic  resonance  method. 

The  materials  specific  electrical  resistance  is 
measured  by  a  potential-metric  method  with  the 
help  of  automatic  potentiometer  B7-16. 

A  number  of  the  property  determinations  is 
fluctuated  from  four  to  six  in  respect  to  such 
properties  as  transverse  rupture,  compression  and 
impact  strength  as  well  as  fracture  toughness.  For 
determinations  of  density,  hardness,  electrical 
resistance,  and  elastic  modulus,  a  number  of 
determinations  are  fluctuated  from  six  to  eight. 

The  data  of  stereological  examinations  for  the 
cemented  carbide  structure  as  well  as 
determinations  of  their  physical  and  mechanical 
properties  are  cited  in  the  Table. 

The  structural  examinations  show,  that  contact 
surface  between  carbide  grains  Sv  Wc-wc  in  cemented 
carbides  fabricated  by  hot  impulse  pressing  in 
vacuum  is  decreased  in  the  mean  by  24%  in 
comparison  with  the  same  surface  of  the  cemented 
carbide  specimens  fabricated  by  vacuum  sintering, 
and  by  30%  in  comparison  with  the  carbide 
contact  surface  of  the  same  cemented  carbide 
fabricated  by  sintering  in  hydrogen  atmosphere. 
The  mean  representative  thickness  of  nickel 
interlayer  in  hot  pressed  cemented  carbide  is 
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decreased  by  14  %  and  29  %  in  comparison  with 
the  same  sintered  one  in  vacuum  and  hydrogen 
atmosphere  respectively.  Also  the  decrease  in  a 
degree  of  tungsten  carbide  grains  contacts  Cwc.wc 
by  37  %  and  49%  as  well  as  a  number  of  contacts 
per  a  tungsten  carbide  grain  Nk  by  33  %  and  5 1  % 
in  the  same  comparison  take  place. 

The  conditions  of  hot  impulse  pressing,  when 
applied  pressures  reach  up  to  1200-1300  MPa, 
lead  to  lowering  in  specific  phase-boudary  surface 
S Vwc  n  ky  8  %  and  12  %  in  comparison  with  the 

phase  surface  of  the  same  cemented  carbide 
sintered  in  vacuum  and  hydrogen  atmosphere 
respectively. 

Temperature  reduction  by  120  °C  during  hot 
impulse  pressing  in  comparison  with  pressure  free 
sintering  temperature  diminishes  the  tungsten 


carbide  grain  growth.  The  mean  carbide  grain  size 
of  1.71  pm  is  elevated  to  1.90  pm,  that  is  11  %, 
during  hot  impulse  pressing  whereas  the  grain 
growth  amounts  to  22  %  (from  1.71  pm  up  to  2.20 
pm)  during  vacuum  sintering  and  40  %  (from  1.71 
pm  up  to  2.40  pm)  during  sintering  in  hydrogen 
atmosphere. 

Hense,  a  rise  in  the  level  of  physical- 
mechanical  properties  of  the  cemented  carbide, 
fabricated  by  hot  impulse  pressing  in  vacuum,  one 
can  be  accounted  for  improvement  of  its  structure. 

Reference 
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Table.  Stereologic  characteristics  of  structure  and  physical-mechanical  properties  for  the  WC+8  %  Ni 
cemented  carbide  fabricated  by  pressure  free  sintering  in  hydrogen  atmosphere  and  vacuum  as  well  as  by  hot 
impulse  pressing  in  vacuum 


Pressure  free  sintering 

Hot  impulse 

Fabricating  method 

in  hydrogen 
atmosphere 

in  vacuum 

pressing  in 
vacuum 

Volume  fraction  of  carbide  phase  VVwc,  % 

85  ±  2 

86.0  ±  0.9 

87.0  ±  1,9 

Specific  contact  surface  of  carbide  grains  SVwc-wc, 

1.70  ±0,08 

1.59  ±0,06 

1.20  ±0,05 

pm2/  pm3 

Specific  phase-boundary  surface  Sv  , 

1.45  ±0,05 

1.51  ±0,05 

1.63  ±0,05 

pm2/  pm3 

Mean  representative  size  of  tungsten  carbide 

2.40  ±  0.04 

2,2  0  ±  0.04 

1.90  ±0.03 

grains 

Mean  representative  thickness  of  nickel  interlayer 

0.77  ±  0,05 

0.63  ±  0.05 

0.54  ±  0.04 

x  N„  pm 

Tungsten  carbide  grains  contiguity  CWc-wc,  % 

44.0  ±  1.2 

35.0  ±  1.2 

22  ±  1 

Number  of  contacts  per  one  grain  Nk 

3.7  ±  0.1 

2.7  ±0.1 

1.8  ±0.1 

Density  y,  g/cM3 

14.6  ±0.3 

14.7  ±0,3 

14.8  ±0.3 

Hardness  HV,  GPa 

12.1  ±0.6 

14.1  ±0.6 

15.5  ±0.6 

Specific  electric  resistance  p,  pQ-cm 

22.1  ±0.9 

18.8  ±0.8 

17.5  ±0.7 

Young’s  elastic  modulus  E,  GPa 

620  ±  20 

595  ±  20 

620  ±  20 

Transverse  rupture  strength  TRS,  GPa 

1.4  ±0.2 

1.6  ±0.2 

2.1  ±0.2 

Compression  strength  acom  ,  GPa 

2.8  ±0,5 

2.9  ±  0,2 

3.5  ±0.2 

Impact  strength  KC,  kJ/m2 

35  ±  3 

28  ±3 

40  ±3 

Fracture  toughness  Kic,  MPa  mI/2 

9.0  ±0.7 

10.0  ±0.6 

12.0  ±0.6 
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Introduction  and  production  of  problem.  Non- 
controlled  mining  of  metal  constructional  materials 
and  their  frequently  thoughtless  using  (for  example 
for  military  purposes)  make  threat  of  human  soci¬ 
ety  being  now  and  in  not  far  future  on  the  Earth. 

On  this  reason  developing  and  incalcation  of  new 
non-metal  materials  with  constructional  assignment 
is  a  very  important  trend  scientists’s  activity.  The 
purpose  of  the  present  research  is  experimental 
valuation  of  fragile  nonmetallic  materials  strengths 
under  condition  of  uniaxial  and  biaxial  pressure 
depending  of  their  production  technology. 

Short  bulletin  about  typical  technologies  of 
production  materials.  Investigated  materials  are 
conventionally  divided  into  5  groups  depending  on 
the  peculiarities  of  their  typical  production  tech¬ 
nology.  Glasses  and  glassceramics  obtained  from 
molten  working  mass  in  electric  furnace  are  con¬ 
sidered  to  the  first  group.  The  representatives  of 
above  mentioned  group  are  quartz  glass  QU,  tech¬ 
nical  glass  S-57,  on  which  basis  the  technical 
glassceramic  STL- 10  was  obtained.  The  necessary 
forms  and  sizes  of  crude  mass  is  formed  from  the 
fusion  moulding  into  fixed  forms  or  the  align  cast¬ 
ing  is  used. 

Raw  material  of  the  necessary  forms  and  sizes  are 
formed  from  the  melt  by  the  casting  into  fixed 
forms,  pressing  or  the  circular  casting  is  used. 

The  second  typical  technology  forecasts  mechani¬ 
cal  fragmentation  of  the  specified  chemical  and 
mineral  composition  crude  mass  in  the  circular 
mills  up  to  medium  size  elements  of  38  mcm  ,  the 
next  moistening  ( H20  up  to  16  %)  or  preparing 
ceramic  slurry  ( H20  up  to  32  %).  The  working 
mass  is  formed  from  the  raw  mass  or  it  is  casted 
into  gypsum  forms  and  is  dried  on  the  air  or  in 
electrical  furnace  and  than  is  baked  at  the  tem¬ 
peratures  of  1100  —  1200  0  C.  The  objects  of  the 
present  research  are  electrotechnical  porcelain  (EP) 
and  solid  chemically  resistant  formed  porcelains 
(SCRFP),  and  solid  chemical  resistant  casted  por¬ 
celains  (SCRCP). 

The  next  group  of  metal-ceramic  materials  is  ob¬ 
tained  by  the  technology,  which  is  called  powder 
one.  Specially  prepared  powders  of  certain  chemi¬ 
cal  composition  are  mixed  and  pressed  with  form 
heating  at  the  same  time.  Than  raw  material  is 


baked  in  electrical  furnaces  at  high  temperatures. 
Glass  carbon  GC-2000,  ferrite  30S47  ,  titanium 
carbides  (TC)  and  carbide  of  boron  (CB)  SM-1 
are  produced  in  such  way.  The  technology  of 
monocrystal  growing  is  provided  from  the  certain 
chemical  composition  melting  at  the  given  tempera¬ 
ture.  As  the  sample  we  can  take  monocrystallical 
silicon  (MS)  S3.  Material  keral  K-0  was  ob¬ 
tained  by  the  technology  of  reaction  exudation  of 
ceramic  material  with  silicon  oxide  content  up  to 
65  %  in  fluid  aluminum. 

Test  procedure.  The  samples  were  manufac¬ 
tured  with  the  help  of  diamond  instrument  by  the 
group  method.  The  high  of  microasperity  was 
Ra  <  0,63  mcm  on  sides.  Cylindrical  samples  of 

11110x30  mm  were  tasted  under  uniaxial  pressure 
conditions.  Plates  of  5x22x22  mm  were  tasted 
under  biaxial  pressure  conditions.  Quotient  of  the 
main  pressures  cr2  Ta  cr3  is  signed  as  k  and  was 

equal  0;  0,25;  0,50;  0,75  and  1,00  [1,  2].  Pressure 
was  made  on  the  erecting  work  for  biaxial  pressure 
of  fragile  materials  with  lager  growing  speed  as  to 
the  absolute  magnitude  of  pressure  ai  from  20  to 

30  MPa/c.  The  accuracy  of  tests  is  proved  by  the 
polarized  -  optical  method  and  by  the  method  of 
moire  fringe  [1]. 

Results  of  the  tests,  discussion  and  conclusions. 
The  experimental  data  that  characterize  strength  of 
examined  materials  under  uni-  and  biaxial  pressure 
conditions  are  showed  in  the  tables  1  and  2  accord¬ 
ingly.  Sample  coefficient  of  variation  and  the  size 
of  sampling  are  indicated  as  v  and  nQ  corre- 

spondently.  Coefficient  yr  is  equal  to  the  attitude 
of  ctc  to  the  analogous  magnitude  of  glass  S-57. 

From  the  tab.  1  we  can  see  that  representatives  of 
metal-ceramic  materials  TC  PM  and  CB  SM-1  ob¬ 
tained  with  the  help  of  powder  technology  have  the 
largest  crc  among  the  examined  materials.  The 

next  place  (according  to  maximal  <JC )  belongs  to 
monocrystalical  materials.  The  third  place  belongs 
to  MC  S3  which  is  the  material  produced  by  the 
monocrystal  growing  technology.  Further  in  the 
tab.  1  in  the  order  of  the  biggest  strength  we  can 
see  the  representatives  of  technical  constructional 
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ceramic  (SCRCP,  SCRFP,  EP)  and  keral.  The  pe¬ 
culiarity  of  tasted  materials  is  that  their  ac  is 

within  535  (SCRCP)  and  5410  (BC  SM-1)  and 
Table  1.  Experimental  magnitude  of  strenghs 
a c  examined  materials  under  condition  of 


uniaxial  presure  [3] 


M* 

<JC ,  MPa 

v ,  % 

nQ,  piece 

Materials  obtained  from  t 

he  crude  mass  melting 

1 

1800 

6,8 

8 

1,00 

2 

2700 

6,0 

267 

1,50 

3 

3200 

■iSB 

28 

1,77 

Materials  obtained  from  the  raw  mass  or  casted 
from  ceramic  slurry 

4 

535 

4,7 

70 

0,30 

5 

736 

12,6 

18 

0,41 

6 

998 

8,8 

20 

0,55 

Materials  obtained  by  the  powder  tec 

inology 

7 

940 

w& 1 

31 

0,52 

8 

980 

8,9 

15 

0,54 

9 

3330** 

13,6 

10 

3,85 

10 

5410** 

8,7 

10 

3,00 

Material  obtained  by  the  technology  of 
monocrystal  growing 

11 

2145 

9,7 

4 

1,19 

Technology  of  reaction  exudation 

12 

g90*** 

7,0 

5 

0,49 

Constructional  steels  [1] 

13 

240 

mm 

896 

0,13 

*)  Materials  :  1.  Glass  S-57.  2.  Glassceramir. 
STL-10  (from  the  glass  S-57).  3.  Optical  glass 
KU.  4.  FTHSL.  5.  SCRPF.  6.  EF.  7.  30S47.  8. 
GC-2000.  9.  TC  PM.  10.  CB  SM-1.  11.  MS  S3. 
12.  Keral  K-0.  13.  Steel  St.3 
**  3, 5x5x1 8  mm  mm  samples  are  used 
***  9,5x9,5x25  mm  samples  are  used 

Table  2.  Experimental  magnitude  of  strenghs 
<t3  (Mila)  of  examined  materials  under 
condition  of  biaxial  presure  [1,2] 


M* 

Quotient  of  the  main  presures  k 

0 

0,25 

0,50 

0,75 

1,00 

Materials  obtained  from  meltin 

g  working  mass 

13 

1870 

2060 

2060 

2045 

1940 

14 

2184 

2182 

2014 

1958 

1787 

2 

2310 

2670 

2560 

- 

2730 

Materials  o 

btained  from  crude  mass  or  casted 
from  ceramic  slurry 

4 

513 

677 

696 

663 

610 

5 

791 

966 

928 

928 

947 

6 

998 

1020 

1011 

866 

818 

*)  Materials  :  13.  Plate  glass.  14.  Glass  13v. 

exceed  the  respective  magnitude  of  steel  St.3  in 
2,2  -  22,5  times.  This  is  a  convincing  evidence  of 
obtaining  constructional  materials  availability  ac¬ 
cording  to  the  analyzed  technologies. 

The  important  characteristic  of  the  similar  materi¬ 
als  is  their  reliability  in  the  exploitation  of  goods. 
For  the  examination  of  the  materials  conditionally 
the  sample  coefficient  of  variation  v  is  such  mag¬ 
nitude,  which  has  the  value  from  4.7  (SCRCP)  to 
13,6  %  (TC  PM)  according  to  the  table  1.  It  is  ap¬ 
preciably  that  this  value  is  equal  6.2  %  for  steel  St. 
3.  Thus  the  technical  level  of  the  examined  materi¬ 
als  is  such  that  allows  to  produce  new  construc¬ 
tional  non-metallic  and  metal-ceramic  materials 
with  reliability  that  is  not  less  then  it  is  in  tradi¬ 
tional  metals  and  alloys. 

The  selection  of  technology  for  producing  new 
material  will  be  determined  by  the  technological 
requirements  to  the  concrete  good  and  technical 
possibility  of  obtaining  raw  material  of  proper  sizes 
and  characteristics.  This  can  be  illustrated  by  the 
tabl.2  data.  As  boundary  state  of  casing  of  cylindri¬ 
cal  ( k  =  0,5 )  and  shape  (  k  =  1,00  )  forms,  that 
work  under  external  hydrostatic  pressure,  is  condi¬ 
tioned  by  strength  under  biaxial  pressure  ,  so  plain 
glass  ,  silicon  STL- 10,  SCRCP  and  SCRFP  under 
above  mentioned  quotient  of  the  main  pressures 
have  the  strength  not  less  than  under  uniaxial 
pressure.  On  this  reason  this  materials  can  be  used 
for  producing  mentioned  goods  with  diameter  up  to 
700  and  length  up  to  1800  mm  [1,2].  The  casings  of 
the  same  forms  also  can  be  produced  from  glass 
13v  and  EF,  but  at  the  same  time  we  should  take 
into  account  the  ractual  reducing  of  strenth  when 
k  =  1,00  concerning  to  ac  is  conditioned  by  the 

kind  of  pressure  state.  The  results  of  materials  tast¬ 
ing  produced  in  accordance  with  examined  tech¬ 
nologies  indicate  that  the  very  important  aim  is  im¬ 
provement  of  their  state  with  the  purpose  of  prepar¬ 
ing  and  manufacturing  of  new  materials  which 
would  be  characterized  the  higher  magnitude  of 
strength  and  reliability  with  comparison  of  the  in¬ 
dicated  in  table  1  and  2. 
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THE  INFLUENCE  OF  METALL-LUBRICANT  ON  COPPER  BASIS  ON  THE 
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COMPOSITE  ANTI-FRICTIONAL  MATERIAL  THAT  WORKS  IN  THE 
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The  influence  of  the  quantity  of  the  metallic 
lubrication  on  the  structure  and  tribological 
properties  of  compositional  anti-frictional 
materials  has  been  researched  on  the  alloys  with 
copper  base.  The  alloys  were  got  by  two  methods: 
by  casting  and  hot  pressing. 

The  estimation  of  the  workability  of  the 
alloys  under  research  in  the  air  was  conducted  on 
the  machine  of  friction  MT-62M  according  to  the 
scheme  shaft-bush  in  the  pair  with  hardened  steel 
45  with  constant  load  200  VGF  and  variable 
speeds  of  sliding  -  6,  8,  10,  12  m/s.  The 
characteristics  got  ware  confronted  with  their 
initial  structural  condition. 

The  cast  bronze  is  coarse-grained;  the 
impurities  of  the  lubricant  in  it  are  uneven. 

The  sintered  bronze  is  more  small-grained;  the 
impurities  of  the  lubricant  in  it  are  even  and  fill  all 
the  space  at  the  boarders  of  the  grains  of  the  solid 
solution. 

As  the  research  showed  the  tribological 
properties  of  the  sintered  bronze,  independent  on 
the  quantity  of  metallic  lubrication,  in  all  cases  are 
higher  then  in  cast  bronze,  that  is  well  in  accord 
with  the  structure  of  material. 

The  formation  of  the  pellicle  is  lightened;  the 
surface  of  friction  is  plain. 


In  case  of  the  friction  of  the  cast  bronze  at 
the  temperature  increase  there  is  softening,  melting 
of  the  lead  that  leads  to  the  violation  of  the 
cohesion  of  the  grains  and  decrease  of  the  carrying 
ability  of  the  cast  bronze. 

Besides,  it  is  ascertained  that  bronze  that 
contains  about  18-21%  of  metallic  friction  obtains 
the  best  complex  of  frictional  properties. 

Therefore,  it  is  determined  that  the  increase  of 
tribo-technical  properties  of  compositional  anti- 
frictional  materials  while  injecting  the  alloy  on  the 
lead  basis  as  a  metallic  lubricant  can  be  reached  if 
the  following  conditions  are  fulfilled: 

1.  The  content  of  the  metallic  lubricant 
should  be  in  the  range  of  18-21% 

2.  The  metallic  lubricant  must  be  evenly 
spread  as  rather  small  impurities  between  the 
grains  of  the  solid  solution. 

3.  Bronze  should  be  got  on  the  technology  of 
hot  pressing  that  provides  the  getting  of  the 
structure  with  which  the  alloy,  having  high 
mechanical  properties,  is  able  to  form  the 
secondary  structures,  that  decrease  the  work  of 
friction 

Hence,  managing  the  content  and 
technological  process,  it  is  possible  to  get  the 
structure  providing  good  anti-frictional  properties. 
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MICROSTRUCTURAL  MODIFICATION  OF  AS-CAST  HYPOEUTECTIC 
Ti-Al-Si-Zr  ALLOYS  BY  MICROALLOYING  WITH  ADDITIONAL 
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As-cast  eutectic  alloys  of  a  Ti-Al-Si-Zr  system  are 
attractive  structural  materials  for  elevated 
temperature  applications  due  to  their  high 
oxidation  and  wear  resistance  and  high 
temperature  strength  [1-2];  however,  they  are 
macroscopically  brittle  at  room  temperature  (RT). 
Microstructure  modification  is  one  of  the  common 
ways  to  increase  ductility  of  as-castalloys  [3.].  In 
hypoeutectic  Ti-Al-Si-Zr  alloys  such 
microstructural  modification  should  result  in 
refinement  of  beta-Ti  dendrites  and  eutectic 
colonics.  In  the  current  work  such  modifying 
elements  as  B,  La,  Y,  Ce,  Sc,  Ga,  and  Bi  were 
used  to  refine  microstructure  of  an  as-cast  Ti-3  Al- 
6Si-5Zr  (wt.%)  alloy.  Optical  and  and  scanning 
electron  microscopy  methods  were  used  to  study 
microstructure,  and  Vickers  hardness,  bending 
and  tensile  tests  were  used  to  evaluate  mechanical 
properties. 

Selection  of  the  modifying  elements  was  based  on 
the  literature  data  and  on  the  analysis  of 
equilibrium  diagrams  of  binary  systems  in  the  Ti- 
rich  part  [4-5],  From  the  selected  elements,  B,  La, 
Ce,  Sc,  and  Ga  are  known  to  be  a  -  stabilizers,  and 
Bi  is  a  (3-stabilizer  [6], 

The  hypoeutectic  Ti-3AI-6Si-5Zr  alloy  in  as-cast 
condition  is  mainly  composed  of  p-transformed 
dendrites  (a-Ti  or  a1  martensite  +  secondary 
Ti5Si3)  and  eutectic  colonies  (a-Ti  +  Ti5Si3)  (Fig. 

1  a,b).  Small  additions  of  B,  Y,  La,  Ce,  Sc,  Ga  or 
Bi  refines  primary'  dendrites  and  eutectic  colonies, 
including  eutectic  silicides.  For  example,  gradual 
refinement  of  the  P-dendrites  and  eutectic  silicides 
was  observed  when  the  amounts  of  Sc  increased 
from  0.04  to  0.25%,  and  the  modifying  effect  of 
0.2  wt.%  Sc  is  shown  in  Fig.  l(c,d)  An  addition  of 
Bi  (from  0.04  to  0.2  %)  to  the  basic  alloy  refined 
both  p-dendrites  and  eutectic  silicides 

Computation  analysis  of  SEM  images  using  Furie 
and  Vivelett  transformation  [7]  allowed  to 
determine  the  prior  beta  dendrite  spacing  to  be  22- 
26  Jim  in  the  alloy  without  modifying  elements. 
An  addition  of  0.05%  B  or  0.08%  Sc  decreased 


the  dendrite  spacing  to  11  jim  or  15  jim, 
respectively.  The  effect  of  La  and  Bi  on 
refinement  was  between  these  two  edges.  Thus 
boron  is  more  effective  modifying  element  than 
the  other  elements. 

Vickers  hardness  measurements  showed  a  small 
increase  in  hardness  after  addition  of  0.05%  B.  On 
the  other  hand,  small  additions  of  Y,  La,  Ce,  or  Ga 
led  to  a  decrease  in  the  Vickers  hardness.  The 
latter  may  be  connected  with  a  decrease  in  the 
oxygen  content  in  the  a-Ti  solid  solution  due  to 
formation  of  the  rare  earth  metals  (REM)  oxides, 
because  these  elements  have  higher  affinity  for 
oxygen  than  titanium. 


Figure  1.  Microstructure  of  as-cast  Ti-3A!-6Si-5Zr 
alloy:  (a,  b)  non-modified  and  (c,  d)  with  an 
addition  of  0.2  wt.  %Sc. 
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The  effect  of  modifying  elements  on  room 
temperature  (RT)  plasticity  of  the  as-cast  Ti-3A1- 
6Si-5Zr  alloy  was  studied  using  3-point  and  4- 
point  bending  tests.  Typical  stress-strain  curves 
are  shown  in  Fig.  2.  Modifying  of  hypoeutectic 
Ti-3Al-6Si-5Zr  alloy  with  small  additions  of  Y, 
La,  Ce,  Bi,  Sc,  Ga  was  found  to  increase  RT 
bending  plasticity.  For  example,  the  plasticity 
almost  doubled  after  alloys  with  0.08%  Bi  or 
0.08%  Sc.  An  addition  of  0.05  %B  and  0.08  %  Y 
decreased  the  bending  plasticity. 


Figure  2.  Stress-strain  curves  under  4-point 
bending  of  as-cast  Ti-3Al-6Si-5Zr  alloy:  (1)  with 
no  modifying  elements;  and  (2-6)  with  an  addition 
of  (2)  0.05B,  (3)  0.08Bi,  (4)  0.08  Y,  (5)  0.08  Sc, 
and  (6)  O.OSLa. 

Tensile  tests  earned  out  in  the  temperature  range 
of  600-800°C  showed  that  additions  of  Y,  La,  or 
Sc  in  the  amounts  of  0.08%  did  not  affect  the  high 
temperature  strength,  while  an  addition  of  0.05% 
B  increased  the  strength  and  an  addition  of  0.08% 
Bi  decreased  it.  In  this  temperature  range,  the  non 
modified  alloy  showed  a  rather  high  tensile 
ductility  that  increased  from  about  1%  at  600°C  to 


24  %  at  800°C  .  Additions  of  Y,  La,  Sc,  or  B  led 
to  a  decrease  in  the  temperature  effect  on  ductility 
and  an  overall  decrease  in  ductility  while  an 
addition  of  0.08%  Bi  led  to  an  increase  in  ductility 
in  this  temperature  range.  It  is  concluded  that  an 
optimization  of  the  amount  and  combination  of 
the  modifying  alloying  elements  is  required  to 
achieve  better  refinement  of  the  microstructure 
and  better  property  combinations  of  the  as-cast 
alloy. 
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Large  volumes  of  slag  wastes  of  the  metallurgy 
industry  and  wastes  of  the  wall  brick  production 
call  for  the  development  of  technologies  providing 
processing  of  this  type  of  silicate  materials  into 
ceramics  with  new  properties.  It  has  been  shown  [1- 
5]  that  oxide  and  nonoxide  ceramics  possessing  a 
complex  of  new  properties  can  be  prepared  on  the 
base  of  slags  different  in  composition. 

The  high-energy  grinding  of  a  slag  with  the 
composition  (mass  %)  52.00  Si02,  6.5  A1203,  11.49 
FeO,  21.81  CaO,  6.48  MgO  initiates  the  formation 
of  binding  properties  in  the  given  disperse  system. 
An  analogous  treatment  of  brickbats  also  results  in 
the  same  effect.  By  using  different  conditions  of 
grinding  of  individual  components  and  their 
mixtures,  different  slag/brickbats  ratio,  by 
introducing  brickbats  as  a  filler  with  different 
particle  sizes,  one  can  prepare  building  ceramics 
with  a  complex  of  new  properties  (Fig.  1) 


T.K 

Fig.  1.  Changes  in  the  physicomechanical 
characteristics  of  bricks  prepared  from  the  mixture 
60  mass  %  slag  +  40  mass  %  brickbats. 

1  -  bending  strength,  2  -  resistance  to  compression, 
3  -  water  absorption,  4  -  porosity. 
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Fig.2.  IR-spectra  of  the  slag  (1),  slag  ground  in 
water  for  300  s  (2),  and  bricks  (3). 

IR  spectroscopy  is  the  most  sensitive  and 
informative  method  of  investigation  of  initial  stages 
of  formation  of  hydrated  calcium  silicates, 
responsible  for  the  formation  of  binding  properties 
of  a  disperse  system,  and  of  the  increase  of  their 
content.  From  absorption  bands  at  v~3420,  1620, 
and  1440  cm'1  (Fig.  2)  one  can  control  the 
conditions  of  grinding  of  individual  components  and 
their  mixture  and  choose  the  required  water/solid 
ratio  (Fig.  3). 

In  the  stage  of  preparation  of  the  unfired 
ceramics,  the  conditions  of  thermal-vapor  treatment 
are  controlled  well  from  the  change  of  the 
appearance  and  intensity  of  the  IR  absorption  bands 
of  hydrated  calcium  silicate. 
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Fig.  3.  Variation  of  the  intensity  of  IR-absorption 
bands  after  grinding  slag  with  different  water 
content. 

1  -v~1000  cm'1,  2  -  3420  cm'1,  3-  1440  cm'1. 

In  the  preparation  of  the  fired  ceramics  on  the 
base  of  slag  containing  iron  oxides,  the  hedenbergite 
phase  forms.  It  favors  the  formation  of  the  acid 
resistance  properties  of  a  ceramic  tile  (Fig.  4). 


0  40  80 

C  ,  ,  mass.% 
si 


Fig.  4.  Changes  in  the  content  of  the  hedenbergite 
phase  (1)  and  the  acid  resistance  (2)  in  bricks 
obtained  at  1373  K,  1  h.  from  slag-  brickbats 
mixtures. 

On  base  of  the  mixture  slag  (8-30  mass  %)-clay 
(40-72  mass  %)-  brickbats  (10-40  mass  %)  ceramic 
specimens  with  the  following  characteristics  were 
obtained:  a  Com  ~  43-50  MPa,  a  bend  ~  16-18  MPa, 
water  absorption  of  3-4  %,  thermal  expansion 
coefficient  of  (6,8-7,0)-10'6  K'1,  modulus  of 
elasticity  of  (3-2,9)- 104  MPa,  thermal  shock 
resistance  equal  to  8-9  cycles  at  T  ~  1400-1430  K, 
resistance  to  acid  attack  of  97-98%. 

The  studies  carried  out  showed  that  the  indicated 
operating  parameters  made  it  possible  to  obtain  an 
acid  resistant  ceramic  material  with  good 
physicomechanical  characteristics  on  the  base  of 
slag-brickbats  and  slag-brickbats-clay  mixtures. 
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The  method  of  synthesis  of  fullerenes,  well- 
known  since  1990  [1],  i.e.  the  arc  discharge  using 
graphite  electrodes  in  an  inert  gas  atmosphere,  is 
still  the  most  productive  and  widely  applied  in 
the  art.  This  method  is  employed  to  produce 
fullerene-containing  carbon  black  in  the 
discharge.  Fullerenes  are  separated  from  carbon 
black  by  means  solvents  and  filters.  Liquid 
chromatography  is  used  for  separation  of 
fullerenes.  Out  of  the  above  operations,  the  arc 
discharge  one  is  considered  to  be  the  most  power¬ 
consuming  process,  making  up  the  major  part  of 
the  cost  of  a  synthesized  material  and,  therefore, 
the  main  limiting  factor  [2], 
l .Calculations .  Parameter  S,  defined  as  a  ratio  of 
mass  of  synthesized  fullerenes,  M,  to  power  Q 
consumed  for  the  synthesis  process,  may  serve  as 
an  objective  parameter  for  estimation  of  power 
efficiency  of  the  discharge,  i.e 

S=M/Q,  (1) 

where  values  M  and  Q  are  determined  as 
follows:  M  =aes»a*q*t,  (2) 

Q=W*t,  (3) 

where:  aa  is  the  coefficient  of  transforma¬ 
tion  of  the  electrode  material  into  the  fuller¬ 
ene-containing  carbon  black  [relative  units  ,<  1]; 
a  is  the  content  of  fullerenes  in  carbon 
black  [relative  units,  <  1];  (4) 

q  is  the  electrode  erosion  [g/s] ; 
t  is  the  fullerene  synthesis  process  duration  [s]; 

W  is  the  arc  discharge  power  [kW], 

The  calculations  were  made  using 
equalities  (1-4),  experimental  results  [3]  and  data 
on  different  fullerene  synthesis  methods  taken 
from  review'  [2],  Our  calculations  show'  that  the 
highest  value  of  parameter  S  is  achieved  in  the  He 
arc  discharge:  S~  0,8  g/xW-h  (5) 

With  such  a  value  of  parameter  S 
fullerenes  synthesized  in  the  arc  would  have  been 
advantageous  as  compared  with  conventional 
materials  in  a  number  of  important  area  [2],  such 
as  pharmaceutics  and  diamonds  synthesis. 
...How'ever,  an  objective  calculation  of  costs  of 
synthesis  considerably  diminishes  optimism. 
Power  losses  for  ballast  resistance  used  to  provide 


stability  of  the  discharge  decrease  the  value  of 
parameter  S  in  1. 5-4.0  times.  These  losses  are 
minimum  if  the  arc  is  powered  from  a  source  with 
a  ■  steeply  drooping  characteristic.  A  w'elding 
transformer  has  the  most  economic  operation 
among  other  power  sources  with  a  steeply 
drooping  characteristic. 

2.  Description  of  an  experimental 
installation.  2.1.  For  the  investigations  w;e 
developed  a  source  for  synthesis  of  fullerenes. 
based  on  the  arc  discharge.  Graphite  electrodes  for 
the  discharge  were  made  with  a  geometry  similar 
to  electrodes  for  the  HF-discharge  described  in 
[4]:  rod  with  a  diameter  of  6  mm  and  conical 
aperture  in  a  disc  with  a  minimum  diameter  of  5 
mm.  The  possibility  is  provided  for  feeding  the 
rod  type  electrode  as  it  bums  dow'n  . 

The  next  unit  is  a  space  for  drift  and 
collection  of  the  synthesis  product,  attached  to  the 
discharge  chamber.  In  our  source  it  is  a  quartz 
cylinder  50  mm  in  diameter  and  500  mm  long. 
The  cylinder  is  covered  by  a  lid  with  an  orifice.  In 
initial  measurements  the  quartz  cylinder  was 
replaced  by  a  copper  one  100  mm  long. 

The  discharge  chamber,  components  to 
which  the  discharge  electrodes  were  secured,  and 
walls  of  the  drift  space  were  cooled  with  water. 
For  this  the  quartz  cylinder  was  fitted  with  a 
system  of  copper  tubes.  Locations  of  attachment 
of  the  components  were  sealed  with  fluoroplastic. 
Seals  protect  cavities  from  ingress  of  the 
atmospheric  air  in  the  case  of  an  excessive 
pressure  in  the  cavity,  as  compared  with  the 
atmospheric  one.  Auxiliary  gas  Ar  and  working 
gas  He  were  fed  to  the  cavity  of  the  source 
through  a  buffer  volume  at  the  location  of  the  rod 
electrode  attachment.  The  gas  supply  lines  w'ere 
equipped  with  pressure  regulators  and  rotameters. 

An  experimentally  selected  orifice  was 
made  in  the  drift  tube  lid  to  ensure  a  controlled 
gas  flow  from  the  point  of  introduction  and  over 
the  entire  volume  of  the  fullerene  source. 

2.2.  To  pow'er  the  arc.  our  source  uses  a 
commercial  frequency  transformer  with  a 
regulated  dispersion  flow',  i.e.  the  TDM-317  U2 
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welding  rectifier  with  the  US  G1MM  LEVEL  OF  PROPERtSpkes  are  formed  on  the  half  period 

capacitor  and  thyristorized  switch  with  an  ignition  of  the  graphite  electrode  arc,  as  opposed 

electronic  control  unit  [5,  6],  connected  in  series.  to  the  conventional  arc,  at  a  discharge  current  of 

Connection  of  the  USGM  arc  stabilizer  to  the  about  100  A  and  higher.  The  spikes  in  the 

transformer  makes  the  power  source  versatile  and  oscillograms  correspond  to  wandering  of  the 

equivalent  to  the  rectifier.  cathode  spot  [7]  along  a  contour  of  the  graphite 

With  such  a  connection  of  the  transformer  electrode.  This  results  in  elongation  and 

and  USGM,  the  arc  is  initially  ignited  by  a  contact  shortening  of  the  arc  and,  therefore,  decrease 

method.  Upon  ignition,  at  the  moments  of  and  increase  in  the  arc  voltage  by  a  value  of  the 

transition  of  the  mains  voltage  through  zero  the  spike. 

arc  is  maintained  by  a  voltage  pulse  with  an  The  high  power  density  at  the  cathode  spot 

amplitude  of  200-500  V  and  duration  of  10'5  s,  (about  107  W/cm2)  and,  accordingly,  the  high 

formed  by  USGD.  With  the  discharge  ignited,  the  concentration  of  plasma  in  the  plasma  column 

electrodes  are  drawn  apart  and  installed  at  a  adjoining  the  spot,  as  well  as  their  chaotic 

distance  optimal  for  the  working  conditions.  wandering  over  the  cone  surface,  are  the  effective 

3.  Experiment.  3.1.  Prior  to  ignition  of  the  sources  of  particles  C,  C*  and  C+.  Formation  and 

discharge,  the  atmospheric  air  in  the  fullerene  the  probability  complete  formation  of  fullerenes 

source  cavity  was  replaced  by  purging  with  Ar  of  them  are  determined  by  temperature, 

and  then,  immediately  before  the  discharge, with  concentration  of  carbon  vapor  and  working  gas 

He.  The  arc  was  reliably  ignited  by  bringing  the  flow  rate. 

electrodes  in  contact,  and  was  burning  until  the  4.  Investigation  of  the  synthesized  material. 

electrodes  were  drawn  apart  to  a  distance  of  3-7  Carbon  black  deposited  on  the  walls  of  the  quartz 

mm.  The  tests  were  conducted  for  0. 5-5.0  min  at  a  cylinder  and  copper  tubes  was  removed 

current  of  60-200  A,  the  He  gas  flow  rate  mechanically  and  immersed  into  benzene.  The 

amounting  to  20  1/min.  Bright  glow  of  the  presence  of  fullerenes  in  this  solvent  showed  up  as 

discharge  electrodes  prevented  observation  of  a  a  marked  coloring  of  the  solution.  It  is  in  this  way 

clearly  defined  plasma  jet,  such  as  that  observed  that  the  discharge  conditions  necessary  for 

in  the  HF-discharge  [4].  synthesis  of  fullerenes  were  established.  These 

With  the  discharge  ignited,  the  working  conditions  correspond  to  formation  of  a  brown  tint 

gas  carries  the  products  of  plasma-chemical  of  a  deposit  on  the  quartz  cylinder  walls, 

reactions  out  of  the  electrode  materials.  The  The  fullerene-containing  carbon  black  was 

product  is  deposited  on  the  water-cooled  drift  also  treated  in  xilol.  A  solution  produced  in  this 

space  walls.  The  amount  of  the  material  produced  case  had  a  less  marked  coloring.  Evaporation  of 

was  monitored  visually  by  formation  of  a  deposit  the  solvent  resulted  in  crystals  characteristic  of 

on  the  quartz  cylinder  walls.  Density  and  length  of  fullerene  associates,  that  formed  on  the  surface 

the  deposit  along  the  length  of  the  quartz  cylinder  [1], 

increased  with  an  increase  in  the  discharge  current  To  obtain  the  IR-spectrum,  several 

and  the  working  gas  flow  rate.  It  was  noted  that  a  successively  evaporated  layers  of  the  concentrated 

deposit  of  a  small  thickness  might  have  a  different  benzene  solution  of  fullerene  were  deposited  on 

color,  i.e.  from  purely  black  to  black  and  brown.  the  KBr-glass  and  KRS-5.  The  IR-spectrum 

3.2.  Oscillograms  of  current  and  voltage  of  differing  from  the  known  ones  [1,8]  was  obtained 

the  arc  with  the  graphite  electrodes  are  similar  to  on  our  sample.  This  is  associated  with  the 

those  of  the  welding  arcs  using  conventional  presence  of  a  mixture  of  fullerenes  in  our  sample, 

materials:  a  clearly  defined  ignition  peak  at  Peculiar  feature  of  the  discharge  is  a  deposit 

a  change  of  polarity  at  the  arc,  rising  to  a  half  buildup  on  a  conical  orifice  and,  in  some  cases,  on 
sine  ave  length,  and  then  a  constant  voltage  the  rod  electrode. 

(plateau)  for  half  a  period. 

[l].W.Kratschmer,Lowell  D.Lamb,K.Fostiropoulos  &  Donald  R.Huffman.  Nature.-  1990.-  347  .-  Ha  6291.- 
P.-  354.  [2],  A.A. Bogdanov,  D.Draiger,  G.A.Dyuzhev  //  Zhumal  Tekhnicheskoj  Fiziki.  -  2000.-  70.-  JV«5.- 
P.  1.  [3], D. Afanasiev, I.Blinov,A.Bogdanov,G.Dyuzhev,V.Karagaev,  A.Kruglikov  //  Zhumal  Tekhnicheskoj 
Fiziki.-1994.-  64,  -  JVh  10.-  P.  76.  [4],  G.N.Churilov.  Pribory  i  Tekhnika  Eksperimenta  -  2000. -JV°1.-  P.5. 
[5].B.E.Paton,  V.A.Zavadsky  //  Avtomaticheskaya  Svarka.  -1956.  -  JV°3.  -  P.26-35.  [6],  I.l.Zaruba, 
V.V.Dymenko,  V.V.Bolotko  //  Avtomaticheskaya  Svarka  .  -1989.  -  JNfalO.  -  P.46-52.[7],  I.G.Kesaev. 
Cathode  processes  of  the  electric  arc.-  Nauka  Publ.  House.-  1968.  [8],  A.P.Shpak,  Yu.A.Kunitsky, 
V.L.Karbovsky.  Cluster  and  nano-structural  materials.-  V.I.-  Kyiv:  Akademperiodika,  2001.-  P.206. 
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Being  a  unique  refractory  compound,  tungsten 
carbide  combines  a  high  hardness  (~  20  GPa)  and 
high  Young’s  modulus  (-720  GPa).  Thanks  to  this 
set  of  properties  tungsten  carbide  possesses  the 
plasticity  characteristic  5H  [1, 2]  higher  than  other 
refractory  compounds. 

For  WC  8h  -  0.82,  meanwhile  8H  is  noticeably 
lower  (0.3-0. 6)  for  other  as  well  as  carbides, 
borides  and  nitrides.  Just  this  combination  of 
mechanical  properties  of  tungsten  carbide 
stipulates  its  effective  implementation  as  the  main 
component  for  hard  alloys  WC-Co. 

While  an  employment  of  the  composite  WC- 
Co  as  a  cutting  or  drilling  tool,  an  intensive 
heating  is  observed.  Accounting  for  this,  a  present 
effort  involves  an  investigation  of  the  temperature 
dependence  of  hardness  and  plasticity 
characteristic  Sn  for  WC  single  crystal  and  hard 
alloys. 

Single  crystals  WC  (0001)  obtained  by 
Takahashi  technique  [3]  and  hard  alloys  WC- 
6%Co  and  WC-15%Co  were  investigated.  Grain 
size  of  WC  in  hard  alloys  was  of  about  1.17  pm. 

Microhardness  of  WC  single  crystal  was 
measured  in  a  temperature  interval  of  20-900°C,  in 
vacuum  with  the  load  on  the  indenter  of  5  N  and 
hardness  of  WC-Co  composites  was  measured 
with  the  load  of  60  N  (Fig.l).  The  temperature 
dependence  of  SH  was  compared  with  one  for 
hard  alloys  and  other  refractory  compounds 
(Fig.2). 

As  it  can  be  seen  from  Fig.l,  the  temperature 
dependence  for  of  WC  hardness  has  a  form 
characteristic  other  covalent  materials,  namely  a 
linear  dependence  FIV(T)  at  low  temperatures  and 
exponential  one  at  elevated  temperatures. 
Activation  energy  for  dislocations  movement 
defined  from  the  temperature  dependence  of 
hardness  [4]  turn  to  be  U  -  1.8  eV,  and  this 
approximately  corresponds  to  the  activation 
energy  for  dislocations  movement  in  covalent 
crystals  and  other  refractory  compounds  [4],  For 
hard  alloys  WC-Co  the  temperature  dependence  of 
hardness  is  of  other  type.  HV  weakly  depends  on 
the  temperature  in  a  broad  temperature  range  of 
20-600°C. 


Temperature,  °C 

Fig.l.  Temperature  dependence  of  hardness  WC 
single  crystal  and  hard  alloys 


Fig.2.  Temperature  dependence  of  plasticity 
characteristic  8h  for  WC  single  crystal,  hard  alloys 
WC-Co  and  a  number  of  refractory  compounds 

This  is  governed  by  a  peculiarity  of  deformation 
mechanism  for  composites  WC-Co  with  a  low 
WC  grain  size  d  and  even  smaller  thickness  of 
cobalt  layers  {(.).  For  each  component  of  alloy 
(WC  and  Co)  the  Hall-Petch  relation 
os  -  o0  +  Kyd'1/2  is  true  for  yield  stress  (and 
hardness).  The  value  of  the  second  term  of  this  is 
high  because  the  value  d  (and  especially  of  l)  is 
low  and  depends  weakly  on  temperature  up  to 
600°C  [5],  That  is  why,  in  a  broad  temperature 
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range  of  20-800°C  hardness  of  WC-6%Co  alloy 
turns  to  be  even  higher  than  hardness  of  WC 
single  crystal.  One  more  tangible  distinction  in 
hardness  of  WC  and  WC-Co  alloys  is  different 
type  of  the  dependence  of  hardness  versus  load. 
For  WC  single  crystal  dramatic  drop  of  hardness 
with  the  growth  of  load  is  observed  since  the  free 
path  length  grows  up  with  the  growth  of  indenter 
print  size  (Fig.3).  At  the  same  time  for  WC-Co 
alloy  the  free  path  length  is  defined  by  the  size  of 
structural  elements,  and  hardness  depends  on  the 
load  very  weakly. 


Fig.3.  Prints  and  slip  lines  for  WC  single  crystal  at 


different  load  on  the  indentor  P: 
a)  P  =  50  N;  b)  P  =  10  N 

The  plasticity  characteristic  of  tungsten  carbide 
SH  is  still  lower  than  the  critical  value  0.9,  and 
therefore  while  standard  tension  and  bending  tests, 
tungsten  carbide  shall  behave  as  brittle  [1].  Apart 
from  that,  a  small  size  of  WC  samples  did  not 
permit  to  carry  out  mechanical  tests.  Therefore  to 
define  the  mechanical  properties  of  WC  various 
techniques  of  indentation  [4]  were  employed.  The 
values  of  5H  for  WC  and  TiC  are  almost  similar 
only  if  the  temperature  is  higher  than  700°C. 

A  comparison  of  hardness  of  WC  single  crystal 
with  hardness  of  WC  grain  in  hard  alloy 
performed  by  nano-indentation  technique  revealed 
that  tungsten  carbide  in  hard  alloy  VK20KS  with  a 
grain  size  of  12-15  pm  has  the  lower  hardness  and 
Young’s  modulus  (Tabl.). 


Hardness  and  Young  modulus  at  a  load  of  60  mN 


Material 

E,  GPa 

H,  GPa 

WC  (0001) 

758±19 

31.5±1.0 

Tungsten  carbide 
grain  in  alloy 
VK20KS 

512±53 

20.7±2.7 

The  mechanical  properties  of  WC  (0001)  and 
WC  grain  in  WC-Co  hard  alloy  were  studied  also 
in  interrupted  depth-sensing  nanoindentation 
experiments  (loading  -  reloading  technique). 

The  curve  of  elastic-plastic  loading  obtained  by 
interrupted  nanoindentation  consists  of  two 
portions.  First  portion  is  the  elastic  loading  of  the 


initial  indent  (Fig.4).  The  slope  of  the  elastic 
portion  of  the  deformation  curve  is  in  proportion 
to  Young’s  modulus.  Second  portion  characterizes 
the  resistance  to  the  plastic  deformation  at  a  point 
loading.  Such  a  deformation  curve  does  not 
depend  on  the  depth  of  the  initial  indent  and 
characterizes  the  mechanical  behavior  of  materials 
under  the  point  loading  conditions.  The  last  point 
in  the  deformation  curve  is  the  hardness  at  90  mN 
load  measured  using  Oliver  and  Pharr  approach 
[6],  The  difference  of  deformation  at  point  loading 
from  that  at  uniaxial  tension  lies  in  the  fact  that 
the  plastic  deformation  of  material  in  indent  is 
constant  and  load  independent.  It  depends  on  the 
indenter  shape  and  for  Berkovich  indenter  is  equal 
to  9.7%. 

co  — • —  1  -  WC  single  crystal 

^  — • —  2  -  WC  grain  in  a  WC-Co  hard  alloy 


Fig.  4.  Curves  of  elastic-plastic  loading  obtained  for 
WC  single  crystal  and  WC  grain  in  WC-Co  hard 
alloy  (VK20KS)  by  reloading  of  the  initial  indent 

Fig.4  confirms  the  ideas  that  deformation  of 
WC  grain  in  hard  alloy  occurs  at  a  lowered  stress 
and  the  value  of  Young’s  modulus  is  lower  than 
for  WC  single  crystal. 

Acknowledgements.  Authors  acknowledge 
STCU  for  partial  financial  support  of  this  effort 
under  the  project  #1997. 

Referenes: 

1.  Yu.V.Milman,  B.A.Galanov,  S.I.Chugunova. 
Acta  Mater  and  Met.  41,  9,  1993,  2523-2532. 

2.  Yu.V.Milman.  In:  Advanced  Materials  Science: 
21st  Century ,  ed:  Cambridge  International 
Science  Publishing,  1998,  638-659. 

3.  T.Takahashi,  E.J.Freise.  Phil  Mag.  12,  1,  1965. 

4.  Yu.V.Milman.  In:  Materials  Science  of 
Carbides,  Nitrides  and  Borides,  eds.: 
Y.G.Gogotsi  and  R.A.Andrievski,  Kluwer 
Academic  Publishers,  1999,  323-336. 

5.  Yu.V.Milman,  S.Chugunova,  V.Goncharuck, 
S.Luyckx,  I.T.Northrop.  J.Refractory  Metals  & 
Hard  Materials  15,  1997,  97-101. 

6.  W.C.  Oliver  and  G.M.  Pharr.  J.  Mater.  Res.,  7, 
1992,  1564. 


557 


II.  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 

_ NEW  LEVEL  OF  PROPERTIES 


STRUCTURE  AND  PROPERTIES  OF  AL-8%FE-3.4%CR  ALLOY 
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Higher  mechanical  properties  of  aluminum  alloys 
are  attainable  through  the  use  of  processing  routes, 
which  provide  high  solidification  rates  during  the 
melt  crystallization  resulting  in  anomalous 
oversaturated  solid  solutions  and  new  metastable 
phases  that  favorably  influence  then  the  material 
properties. 

The  Al-8Fe-3.4Cr  (wt.  %)  alloy  w'as  prepared  by 
the  melt  atomization  technique  upon  the  surface  of 
a  rotating  copper  disc  under  the  atmosphere  of  an 
inert  gas.  The  alloy  was  solidified  at  around  106  °C 
/sec  during  crystallization.  This  technology 
allowed  formation  of  rapidly  solidified  flakes, 
which  were  cold  pressed.  After  the  billets  were 
vacuum  compacted  the  density  of  specimens  was 
98  %.  The  vacuum  forging  was  followed  by  hot 
extrusion. 

Light  metallography,  transmission  electron 
microscopy  (TEM)  and  X-ray  phase  analysis  were 
used  to  study  the  alloy  structure, 

A  TEM  examination  of  the  structure  of  rapidly 
solidified  flakes  revealed  quasicrystals  being  in  the 
form  of  roundish  particles  having  a  specific  (black- 
gray)  contrast.  They  measure  from  around  60  to 
120  nm.  Coarser  quasicrystals  of  around  500  nm 
are  sometimes  encountered.  The  inner  structure  of 
quasicrystals  can  be  clearly  seen  in  the  dark  field 
(Fig.  lb). 


a 


b 


Fig.  1.  Structure  of  flakes  from  alloy  A!-8Fe-3,4Cr, 
TEM  investigation:  a-bright  field  images,  b  - dark 
field  image  with  using  a  part  of  the  intense  rings  in 
the  EDR. 

The  electron-diffraction  pattern  as  taken  from  the 
major  portion  of  the  foil,  along  with  aluminum 
reflections,  contains  also  5  uninterrupted  rings 
characteristic  for  the  Al-Fe-Cr  system  (Fig.2a). 
The  electron-diffraction  pattern  taken  directly  from 
the  quasicrystals  is  a  dotted  one  with  the  5-order 
axis  of  symmetry,  characteristic  for  quasicrystals 
(Fig.  2b). 


a  b 

Fig.  2.  Electron  diffraction  pattern  of  aluminum 
alloy  containing  quasicrystals  prepared  from  a- 
major  portion  of  the  foil;  b-directly  from 
cjuasicrysfals. 

The  X-ray  phase  analysis  supported  formation  of 
quasicrysta!  structures  in  the  rapidly  solidified 
flakes  of  aluminum  alloy  (Fig. 3,  where  arrows 
show  extra  maxim  urns  associated  with  the 
presence  of  quasicrystals). 


558 


II.  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 

NEW  LEVEL  OF  PROPERTIES  


rapidly  solidified  flakes;  b-forged  billet;  c- 
extruded  rod. 

At  his  intermediate  stage  of  compacting,  i.e. 
forging  under  vacuum,  boundaries  between 
separate  flakes  is  retained.  The  alloy  then  retains 
its  quasicrystalline  structure.  Therefore,  the 
quasicrystals  are  available  in  the  structure  both  as 
separate  particles  and  in  the  form  of  a  chain  of 
precipitates  along  the  boundaries  of  sub  grained 
structure  of  aluminum  matrix  (Fig.4). 


Fig.  4.  TEM  investigation:  dark  field  image 
with  using  reflections  from  the  quasicrystalline 
phase. 

The  hot  extrusion  is  followed  by  a  deeper 
processing  of  the  whole  bulk  of  the  metal  under 
deformation.  The  degree  of  working  is  then  around 
94  %,  thus  leading  to  a  complete  disappearance  of 
the  boundary  between  the  separate  flakes  (Fig. 5). 
This  is  accompanied  with  a  decrease  of  the 
quasicrystalline  constituent,  and  the  Ali3(Cr,Fe)2 
intermetallic  compounds  appear  (Fig.6). 


Fig.  5.  Microstructure  of  the  extruded  rod  from  the 
alloy  Al-Fe-Cr. 


Fig.6.  Structure  of  the  alloy  (TEM)  after  hydraulic 
extrusion. 


Such  a  heterogeneous  structure  with  a 
relatively  uniform  distribution  of  dispersive 
intermetallic  compounds  and  quasicrystals 
(Fig.6)  is  found  to  demonstrate  high 
mechanical  properties  in  the  compacted  state 
in  the  temperature  interval  Of  20-300  C 
(Table). 


Table.  Tensile  mechanical  properties  ofAl-Fe-  Cr 
alloy 


Temperature,  °C 

GO, 2, 

MPa 

cru, 

MPa 

8,  % 

20 

332 

410 

2.9 

190 

242 

303 

5.2 

300 

218 

250 

8,1 
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DISTRIBUTION  OF  MANGANESE  IONS  AND  ITS  INFLUENCE  ON  THE 
PROPERTIES  OF  PTCR  CERAMICS  BASED  ON  BARIUM  TITANATE 

V’vunov  O..  Kovalenko  L.,  Belous  A. 

V.I.  Vernadskii  institute  of  General  and  Inorganic  chemistry,  Kyiv,  Ukraine 


Positive  temperature  coefficient  of  resistance 
(PTCR)  occurs  in  ceramic  materials  based  on 
doped  barium  titanate  (Ba,Y)Ti03  above  the 
temperature  of  phase  transition.  Rise  of  potential 
barriers  at  grain  boundaries  is  one  of  formation 
conditions  of  such  effect.  Therefore  PTCR 
ceramics  are  purposefully  synthesized  under 
conditions  when  semiconducting  grains  and  high- 
resistance  grain  boundaries  are  formed.  This  is 
achieved,  in  particular,  when  a  small  amount  of 
yttrium  ions  is  introduced  in  barium  site  and  grain 
boundaries  oxidize  under  sintering  in  air.  In  this 
case  materials  are  characterized  by  small 
resistance  change  in  PTCR  temperature  range  and 
considerable  varistor  effect  (decrease  resistance 
under  external  electric  voltages).  This  limits  the 
application  of  such  materials  in  devices  operating 
under  high  electric  voltages.  Introduction  of 
acceptor  dopants  (in  particular  manganese  ions) 
in  synthesized  materials  is  known  to  improve  the 
above  electric  characteristics  due  to  change  in 
resistance  of  grain  boundaries  [1],  Manganese 
dopants  influence  on  PTCR  effect  because  redox 
reactions  in  manganese  oxide  take  place  in  the 
same  temperature  range  in  which  partial  transition 
Ti4V>Ti3'  occurs  in  ceramics  [2],  However 
distribution  of  manganese  dopants  in 
polycrystalline  materials  is  studied  insufficiently. 
These  data  would  allow  one  to  explain  and  to  con¬ 
trol  purposefully  the  properties  of  PTCR 
ceramics. 

Therefore  the  aim  of  this  work  was  to  study 
the  distribution  of  manganese  ions  and  its 
influence  on  properties  of  grains,  outer  grain 
layers  and  grain  boundaries  of  PTCR  ceramics. 

Analysis  of  results  of  studying  complex 
impedance  (Z*)  and  complex  electric  modulus 
(M*)  in  wide  frequency  range  at  room 
temperature  showed  that  regardless  of  yttrium 
content  (Ba,Y)Ti03  ceramics  include  electrically 
different  regions:  grain,  outer  grain  layer  and 
grain  boundaries.  However  electric  properties  of 
grain  and  outer  grain  layer  at  room  temperature 
are  difficult  to  distinguish  in  high-conductivity 
samples  because  of  small  difference  in  resistance. 

PTCR  ceramics  based  on  (Ba,Y)Ti03  were 
synthesized  by  solid  state  reaction  technique 
using  extra-pure  initial  reagent.  For  uniform 


distribution  of  acceptor  dopants  in  ceramics 
manganese  has  been  precipitated  from  solutions. 
Electrophysical  properties  of  materials  were 
studied  in  a  wide  frequency  and  temperature 
range. 

Analysis  of  temperature  dependencies  of 
resistance  of  grain,  outer  grain  layer  and  grain 
boundaries  of  PTCR  ceramic  based  on 
(Ba,Y)Ti03  shows  that  the  temperature 
dependence  of  resistance  of  grain  and  outer  grain 
layer  has  similar  value  and  character  and  does  not 
have  anomalies.  Consequently,  PTCR  effect  in 
(Ba,Y)Ti03  ceramics  without  manganese  dopants 
occurs  due  to  change  in  electric  properties  of 
grain  boundaries. 

It  has  been  found  that  increase  of  manganese 
content  of  (Ba,Y)Ti03  ceramics  increases  the 
resistance  of  grain  boundaries,  but  practically 
does  not  change  the  resistance  of  grain  (Fig.  1). 
This  occurs  because  manganese  in  the 
concentration  range  investigated  does  not 
incorporate  in  crystalline  lattice  of  PTCR  barium 
titanate  and,  therefore,  does  not  compensate 
excess  charge  in  titanium  site.  A  difference  in 
resistance  value  between  grain  and  outer  grain 
layer  of  PTCR  ceramics  becomes  pronounced 
with  temperature  increase. 


R,  Q 


Fig,  1.  Resistance  of  grain  (1)  and  total  resistance 
of  outer  grain  layer  and  grain  boundary  (2)  of 
PTCR  ceramics  as  a  function  of  manganese 
content  (mol.  %).  Tmcas.  =  20°C. 
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R,  Q 


Fig.  2.  Resistance  of  grain  (1),  outer  grain  layer 
(2)  and  grain  boundary  (3)  of  PTCR  ceramics 
based  on  (Ba,Y)Ti03  +  0.006  mol.%  Mn  as  a 
function  of  temperature. 

Analysis  of  temperature  dependencies  of 
resistance  of  grain,  outer  grain  layer  and  grain 
boundaries  of  PTCR  ceramic  with  manganese 
dopants  shows  that  resistance  of  outer  grain  layer 
changes  with  temperature  like  resistance  of  grain 
(Fig.  2).  Resistance  of  grain  boundaries  of  PTCR 
barium  titanate  increases  with  manganese  content. 

The  results  obtained  showed  that  increase  of 
resistance  change  value  of  (Ba,Y)Ti03  PTCR 
ceramics  with  manganese  dopants  occurs  due  to 
change  of  electrophysical  properties  of  outer 
grain  layers  and  grain  boundaries. 

Earlier  it  was  shown  that  the  amount  of 
varistor  effect  in  (Ba,Y)Ti03  ceramics  correlates 
with  average  grain  size,  v*z.  in  fine-grained 
ceramics  varistor  effect  is  weaker  [3].  Our 
research  showed  that  introduction  of  manganese 
in  ceramics  (Ba,Y)Ti03  is  accompanied  with 
considerable  decrease  (improvement)  of  varistor 
effect,  but  average  grain  size  of  ceramics 
practically  does  not  change.  Varistor  effect 
depends  on  a  number  of  factors,  including 
oxidation  degree  of  grain  boundaries  [4]. 
Therefore  one  can  suppose  that  varistor  effect  in 
PTCR  barium  titanate  decreases  on  manganese 
introduction  due  to  the  formation  of  high- 
resistance  outer  layer. 

In  order  to  clear  out  the  origin  of  increase  of 
resistance  change  value  of  PTCR  ceramics  with 
increasing  manganese  content,  the  potential 
barrier  at  grain  boundaries  has  been  calculated 
using  equation  from  Heywang’  model  [5].  Results 
of  calculation  show  that  the  potential  barrier  increases 
with  manganese  content  of  ceramics  (Fig.  3).  This 
leads  to  increase  of  resistance  change  value  in  PTCR 
range.  Value  obtained  for  potential  barrier  at  grain 
boundaries  of  PTCR  barium  titanate  agreed  with 
literature  data  [6],  Therefore  manganese  dopants  in 
PTCR  barium  titanate  form  high-resistance  outer 


grain  layer  and  increase  the  potential  barrier  at  grain 
boundaries. 


O0,  eV 


Fig.  3.  Potential  barrier  (O0)  at  grain  boundaries 
of  PTCR  barium  titanate  ceramic 
(Ba0.996Yo.oo4)Ti03  +  mol.%  Mn  at  different 
manganese  content:  =0  (1);  0.012  (2). 

Thus  investigations  of  PTCR  ceramics  based  on 
barium  titanate  in  wide  frequency  and  temperature 
ranges  allow  us  to  conclude  that  manganese  content 
sligtly  affects  the  resistance  of  grains.  The  manganese 
ions  are  mainly  at  grain  boundaries  and  in  outer 
grain  layers,  and  act  as  acceptors.  This  essentially 
improves  properties  of  PTCR  materials,  v/z. 
resistance  change  value  increases  and  varistor  effect 
decreases. 
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CARBIDE  STEELS  OF  METASTABLE  AUSTENITE  STRUCTURE 

Latypov  ,G. 

Powder  Material  Research  Centre,  Perm,  Russia 


The  creation  of  wear-resistant  materials  with  high 
mechanical  properties  and  low  cost  is  necessary 
for  machine-building,  automobile,  oil,  paper  and 
pulp  and  other  industries.  Carbide  steels 
(ferrotics)  surpass  other  industrial  alloys  in  wear- 
and  thermostability  at  a  minimum  friction 
coefficient  [1,2].  The  ferrotics  usually  consist  20- 
70  %  vol.  titanium  carbide  [3],  therefore  to  their 
preparation  the  same  operations  as  in  technology 
of  hard  alloys  are  applied.  A  final  sintering  are 
conducted  in  a  protective  atmosphere  at 
temperature  1350-1450  °C.  The  attempts  are 
undertaken  to  reduction  the  cost  of  carbide  steels 
through  mechanical  activity  with  consequent 
sintering  at  the  presence  of  a  solution  phase  [4].  In 
this  case  sintering  temperature  can  be  reduced  up 
to  1260  °C,  but  other  deficiencies  of  technology 
are  conserved  and  the  viscosity  of  materials 
remains  not  high.  The  applying  Gatfild  steel  (T13) 
as  flow  bundle  does  not  decide  problem  of 
improvement  of  indexes  of  viscosity  [5],  because 
the  Gatfild  steel  has  phase  transformations  only  at 
a  high  scale  of  deformation. 

The  combination  of  heightened  mechanical 
properties  of  structural  steels  and  wear-resistant 
best  tool  steel  can  be  reached  at  ferrotics  with 
metastable  matrix  by  a  lower  die  based  on  nickel 
steels  [6]. 

The  purpose  of  present  work  is  study  of  relation 
between  structure,  phase  transformations  and 
properties  low-alloy  powder  carbide  steels  of 
metastable  austenite  structure. 

Samples  are  received  from  polycomponent  mix 
materials  containing  4-9  %  of  a  nickels  and 
hardened  by  a  solid  phase  TiC  (3-10  %);  extruded 
at  pressure  600  MPa  in  the  steel  folded  pressure 
casting  dies,  sintered  in  an  atmosphere  of 


hydrogen  at  temperature  1200°C.  The  heat 
treatment  plugged  a  hardening  from  temperature 
780-950°C  and  low- temperature  tempering  180°C, 
2  h. 

In  work  a  capability  of  improvement  of  the 
mechanical  and  tribotechnical  characteristics 
sintering  carbide  steels  with  low  fraction  of  a  solid 
phase  by  means  of  phase  deformation  transition  is 
demonstrated  experimentally.  At  the  equal 
contents  of  a  carbide  phase  the  best  mechanical 
and  tribotechnical  characteristics  are  reached  for 
low  alloyed  steels. 
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It  is  known  [1],  that  formation  of 
metalfullerite  occurs  during  sintering  of 
powder  steel  based  on  P10  carbonyl  iron 
powder,  containing  15  %  nickel,  5  %  TiC  and 
10  %  SiC>2.  The  metalfullerite  has  been  face- 
centered  cubic  lattice  with  14.4±0.1  A.  Lattice 
period. 

It  is  interesting  to  elucidate  the  influence  of 
kind  and  quantity  of  alloying  elements  on 
synthesis  of  fullerenes. 

It  has  been  investigated  the  possibility  of 
fullerenes  synthesis  in  1  %  powder  steels, 
alloyed  with  nickel,  copper,  silicon,  during 
low-temperature  sintering. 

Concentrations  of  alloying  elements  were 
changed  within  5  to  20  %.  Powder  steels  were 
prepared  based  on  IDKP  3.200.28  iron 
powder.  Part  of  the  samples  having  15  % 
nickel  content  was  prepared  based  on  P10 
carbonyl  iron  and  OCR  6-2  iron.  Samples 
were  pressed  at  400  MPa  and  sintered  in 
vacuum  at  850°C  for  5  hours. 

It  has  been  established  by  x-ray  diffraction 
analysis  that  synthesis  of  fullerenes  occurs  at 
all  investigated  steels.  Metalfullerite  based  on 
fullerite  C6o  with  14.3  A  face-centered  cubic 
lattice  period  was  formed  in  P10  iron  steel 
with  15  %  nickel  content.  The  synthesis  goes 
more  actively  in  surface  layers  of  the  samples. 
It  is  testified  by  4.27;  4.14;  3.34  and  2.54  A 
diffraction  lines.The  most  strong  line  is  3.34 

A. 

The  synthesis  goes  less  actively  in  steel  with 
the  same  nickel  content  (15  %),  but  on  the 
bases  of  OCR  6-2  iron.  Fullerenes  are  found 
only  in  a  surface  layer  of  the  investigated 
sample.  There  is  one  3.34  A  diffraction  line  of 
average  intensity  on  the  x-ray  diffraction 
pattern. 


Synthesis  of  fullerenes  occurs  actively  in 
steels  based  IDKP  3.200.28  iron  powder, 
especially  at  15  %  nickel  content.  X-ray 
diffraction  patterns  of  this  steel  sample  show 
the  most  intensive  lines  of  a  metalfullerite 
with  the  14.3  A  lattice  period.  On  a  surface  it 
is  3.36  A  and  3.65  A  lines,  and  in  a  core  - 
3.56  A  and  3.35  A. 

So,  the  synthesis  of  a  fullerenes  occurs  most 
actively  in  P10  and  IDKP  3.200.28  iron  steel 
alloyed  with  15  %  of  nickel.  The 

metalfullerite  with  the  14.3  A  lattice  period  is 
formed  in  this  process. 

The  investigation  of  steels  alloyed  with 
silicon  has  shown  that  synthesis  of  fullerenes 
occurs  too.  This  process  occurs  most  actively 
in  steel  containing  5  %  of  silicon.  The  2.48  A 
line  is  stated  on  x-ray  diffraction  pattern  of  a 
surface,  and  3.575  A  and  3.34  A  lines  -  on  x- 
ray  diffraction  pattern  of  a  core.  All  lines  have 
been  average  intensity.  The  intensity  of  lines 
decreases  with  an  increase  of  silicon  content. 

The  formation  of  metalfullerite  with  the  14.3 
A  lattice  period  occurs  also  in  a  copper  steels. 
There  is  3.36  A  line  on  the  x-ray  diffraction 
patterns  of  surface,  and  3.575  A  and  3.36  A  — 
in  a  core. The  influence  of  copper  on  synthesis 
of  fullerenes  is  weak  in  comparison  with 
influence  of  nickel  and  silicon.  Never  the  less 
the  metalfullerite  diffraction  lines  of  15  % 
copper  steel  are  more  intensively  in 
comparison  with  ther  copper  steels. 

So,  nickel,  copper  and  silicon  promote  the 
synthesis  of  fullerenes  in  powder  steels. 

References 

1.  B.H.  Amj,H(J)epoB,  BX  ruaeB.,  C.A. 
Onie3HeBa,  A. A.  IXIauoB.  HH3KOTeMneparypHBiH 
TBepuo(J)a3HbiH  cHH're3  MeTajmo(|)yjiJiepHTOB  // 
flepcneKTHBHbie  MaTepuanbi.  2000.  N°  1.  C.  11- 
15. 


563 


II.  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 
========_ _ NEW  LEVEL  OF  PROPERTIES 


LIQUID-PHASE  SINTERED  SILICON  CARBIDE  BASED  ON 
COMMERCIAL  POWDERS 

Antsiferov  V.N.,  Gilev  V.G. 

Research  center  of  powder  materials  science,  Perm,  Russia 


The  solid-phase  sintering  of  SiC  is  sufficiently 
complete  when  using  submicron  powders  without 
impurities  [1],  For  liquid-phase  sintering  of 
SiC-90%,  Al203-6%,  Y203-4%  composition 

compared  to  solid-phase  sintering,  lower 
temperatures  of  sintering,  1875-1900  °C  are 
required,  and  the  produced  materials  have  higher 
density  and  mechanical  properties.  Liquid-phase 
sintered  SiC  has  the  best  combination  of  hardness 
and  fracture  toughness  compared  to  materials 
based  on  silicon  nitride.  For  liquid-phase  sintering 
of  SiC  the  requirements  on  purity  of  powders  are 
reduced,  therefore,  despite  of  use  of  expensive 
Y203  additive,  total  SiC  production  cost  is  lower 
than  with  SiC  solid-phase  sintering  [2],  Necessity 
of  silicon  oxide  impurity  minimization  is  marked 
in  paper  [3].  Absence  of  Si02  (except  for  small 
impurities)  guarantees  the  decreased  viscosity  of 
melt  and  its  high  wetting  ability  of  a  SiC  surface. 

Cheap  and  available  commercial  SiC  powders, 
as  a  rule,  are  coarse.  The  most  simple  method  of 
producing  the  disperse  and  active  powders  is  the 
crushing  in  various  mills.  Essential  complication 
preventing  the  milling  in  ball  crushers  is  crushed 
iron,  therefore  the  usage  of  mills  lined  with  hard 
alloy  is  of  interest. 

In  the  present  work  the  milling  process  and 
feasibility  of  liquid-phase  sintering  of  commercial 
silicon  carbide  powder  produced  by  Volgograd 
abrasive  factory  were  investigated. 

Kinetics  of  crushing  and  structural  changes 
were  investigated  when  grinding  a  silicon  carbide 
commercial  powder  in  a  ball  mill  lined  with  hard 
alloy.  Grinding  parts  of  hard  alloy  were  made  as  10 
mm  diameter  short  length  cylinders  with  rounded 
endings.  Volume  of  a  mill  is  0.78  cub. dm  at  100 
mm  diameter.  Degree  of  filling  is  approximately 
0.45.  Speed  of  rotation  is  29  rev/min.  Ratio  of  a 
balls  mass  to  a  SiC  powder  mass  is  mt/mp  =  20,  10. 
Ratio  between  a  mill  diameter  and  rotation  speed 
provides  a  roll-over  mode.  A  dry  grinding  was 
performed. 

Kinetics  of  powders  crushing  is  well  described 
by  known  exponential  function: 

S=Sm  -  (Sm  -S0)  exp(-Ct), 


Where,  Sra,  S  and  S0  -  maximal,  current  and 
initial  values  of  a  specific  surface,  accordingly; 
C  -  grinding  constant;  t  -  duration  of  crushing. 

When  grinding  duration  increases,  filling  and 
shake  down  densities  appreciably  decrease  in  the 
first  hours,  and  then  they  decrease  insignificant 
accqrding  to  kinetics  slowdown  at  last  stages  of 
crushing.  In  this  process,  after  40  to  50  grinding 
hours  the  small  growth  of  these  characteristics  is 
observed,  apparently,  owing  to  a  hard  alloy 
grinding. 

X-ray  structure  analysis  has  shown  that  in  a 
investigated  powder  at  initial  condition  there  are 
6H,  15R,  4H  alpha-SiC  polytypes,  and  this  is  a 
typical  composition  for  silicon  carbide  commercial 
powders  [1],  Already  after  5  hour  grinding,  WC 
line  appears  on  X-ray  difraction  patterns  diagram, 
which  intensity  grows  with  increase  of  grinding 
time.  At  initial  condition  in  a  powder  there  is  a 
silicon  impurity,  lines  intensity  of  which  decreases 
after  long  grinding.  The  influence  of  grinding  is 
expressed  in  reduction  of  intensity  of  0.239  nm 
line  of  15R  polytype  in  a  X-ray  difraction  patterns 
diagram,  which  considerably  decreases  already 
after  5  hours  of  dwell  and  almost  absolutely 
disappears  after  20  hours. 

Oxide  additives  raise  a  trend  of  powders  to 
agglomerations.  Increase  of  a  specific  surface  is 
stabilized  at  3-4  m2  /g  level,  and  further  grinding 
does  not  result  in  Sspccjfic.  When  testing  of  benzyl 
alcohol  as  a  grinding  medium  it  was  achieved 
^specific  =  7. 5-8. 6  M2/g  for  96  to  120  hours  of 
grinding.  It  is  necessary  to  note,  that  on  walls  of 
cups  the  powder  is  more  rough,  than  suspension 
volume.  When  grinding  the  mixes  in  ethanol  a 
more  disperse  condition  of  a  mix  up  to  S  ipecific  = 
10  m2/g  has  been  achieved  for  the  same  grinding 
time,  however  when  grinding  in  benzyl  alcohol  a 
maximum  density  of  materials  after  sintering  is 
reached,  Tab.  1. 

In  microstructure  of  sintered  samples,  except 
for  a  grey  background  of  a  silicon  carbide  matrix, 
the  inclusions  of  more  light  phase,  apparently, 
WSi2  phase  are  observed,  significant  quantity  of 
which  is  indicated  by  X-ray  structure  analysis, 
fig.  l .  (0 
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Table  1 

Results  of  liquid-phase  sintering  of  SiC-6%Al203- 
4%Y203  mixture  ground  in  benzyl  alcohol  for  96 
hours 


T°C 

Charge 

Am, 

% 

1950 

Fresh 

8.5 

3.3 

0.43 

1930 

Used 

10.2 

2.9 

0.85 

1940 

Mix  of  fresh 
and  used 

10.5 

3.3 

5.2 

1880 

Fresh 

13.0 

3.26 

0.4 

1950 

Fresh 

11.0 

3.28 

Fig.  1 .  X-ray  diffraction  patterns  of  a  material 
sintered  from  SiC  powder  ground  in  ball  hard  alloy 
mill  with  the  oxide  additives. 

0-WSi2,  n-SiC(6H) 

Phase  composition  of  sintered  materials 
consists  basically  of  6H  phase,  cubic  SiC  is  not 
present.  WSi2  formation  probably  occurs  under  the 
following  scheme:  tungsten  and  silicon  carbides 
recover  oxides. 

Aluminium,  thus  can  be  absorbed  by  carbide 
and  escape. 

4WC  +  2A1203  ->  4W  +  4 Alt  +  2COt  +  2C02t 
4SiC  +  2A1203  -*  4Si  +  4Alt  +  2COt  +  2C02t 
W  +  2Si  — >  WSi2 

Design  density  of  initial  mix  (yk  )  is  3.29 
g/cm3.  When  using  powders  ground  in  benzyl  spirit 
the  density  after  sintering  reaches  3.4  g/cm3  that  is 
connected  with  WC  grinding  from  a  hard  alloy  and 
subsequent  formation  of  tungsten  silicide  from  it. 
WSi2  phase  has  9.8  g/cm3  density  and  2160  °C 


melting  temperature.  Estimation  on  water 
absorption  gives  0.4  %  value  of  open  porosity. 

The  liquid-phase  SiC  sintering  in  mixes  such 
as  SiC-CaO-Si02  is  tested  to  produce  the  porous 
substrates  of  ceramic  membranes.  Si02  addition 
promotes  a  shrinkage  minimization  during 
sintering  up  to  2-3  %  level  that  allows  to  receive 
strong  substrates  with  the  4-6  microns  pore  size 
and  gas  permeability  up  to  0.09  pm2. 
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WEAR  -  RESISTANT  POWDER  MATERIALS  WITH  METASTABLE 

AUSTENITE  STRUCTURE 
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In  extreme  operation  conditions,  self¬ 
organizing  materials  are  used,  in  particular,  steels 
with  a  Metastable  Austenite  Structure  (MAS). 
Improvement  of  the  MAS  characteristics  during 
operation  occurs  mainly  due  to  energy 
accumulation  of  external  mechanical  actions 
(loading,  friction)  on  phase  deformation 
transformation  (y-a'),  and  the  gain  of  properties  is 
proportional  to  the  volume  of  transformation. 

The  volume  of  y-a'  transformations,  except  for  the 
external  factors  -  value  and  loading  speed-  is 
determined  by  steel  chemical  structure  and 
uniformity  of  element  distribution,  which,  in  turn, 
depends  on  conditions  of  sintering  and  heat 
treatment. 

Powder  chromium-nickel  MASs  combine  a  high 
level  of  abrasive  resistance  with  low  production 
cost  due  to  standard  manufacturing  process. 

The  best  parameters  of  abrasive  resistance  and 
wear  resistance  are  received  for  carbide  steels 
with  a  metastable  matrix. 

The  purpose  of  work  is  a  study  of  alloying 
element  distribution  influence  on  structure  and 
phase  composition  of  hardened  powder  steels  of 
metastable  structure,  and  determination  of  relation 
between  abrasive  resistance  and  structure 
characteristics. 

Infiltrated  powder  steels  of  the  following 
compositions:  1-4%  Cr;  0.6-2.5%  Ni;  1.5.%C; 
Fe  -  the  base,  and  carbide  steel  (2  %  Cr;  1  %  Ni; 
1.5.  %  C;  5  %  of  a  TiC;  Fe  -  the  base)  were 
investigated. 

Powder  steels  were  produced  by  sintering  in  dried 
hydrogen,  and  the  sintering  was  combined  with  a 
copper  infiltration. 

The  heat  treatment  was  a  hardening  from  850, 
900,  950  and  1050  °C. 

Samples  of  steels  were  tested  on  abrasive 
resistance. 

The  study  of  material  structure  was  performed  by 
metallographic  and  microdurometrical  methods. 
Changes  in  a  surface  layer  of  steels  after  tests 
were  recorded  according  to  the  data  of  X-ray 
analisis,  and  Cr,  Ni  and  Cu  concentration  in 
metallographic  phases  and  element  distribution 
concentration  were  determined  by  a  method  of 
Microradiography  Spectral  Analysis  (MRSA). 


The  heterogeneity  of  alloys  was  measured  by  a 
concentration  variation  factor,  v. 

Structure  of  steel-copper  pseudoalloys  after  self- 
cooling  with  the  furnace  (average  cooling  rate  of 
10  °C  /  min)  is  austenite  -  martensite,  with  sites  of 
a  perlite  and  rough  cementite  grid  pattern  on  grain 
borders;  the  basic  structural  components  of  the 
treated  steels  are  austenite  and  martensite. 
Metallographic,  microdurometrical  and  MRSA 
studies  of  a  chromium-nickel  steel  -  copper  (1-4  % 
Cr;  0.6-2. 5  %  Ni)  pseudoalloys  have  shown  that 
under  conditions  of  slow  cooling  high-carbon  steels 
have  a  perlite  structure  at  concentration  up  to  1.4  % 
Cr  and  0.2  %  Ni;  the  concentration  of  alloying 
elements  in  austenite  areas  has  made  more  than  2  % 
chrome  and  0.8  %  nickel. 

The  sites  with  intermediate  concentrations  of 
alloying  elements  have  been  identified  as  areas  with 
metastable  austenite  phase. 

In  this  case  the  average  concentration  of  copper  in 
austenite  reaches  4  %,  and  in  perlite  does  not 
exceed  2  %  (wt.). 

Based  on  several  histogram  investigation,  the 
correlation  has  been  found  for  1.3-2. 3  %  chrome 
concentration  interval  of  W,  sample  and  volume  of 
y-a'  phase  transformation  on  a  friction  surface  at 
abrasive  wear. 

The  microstructure  of  nA-PKTpl  .5X2FI  +  5  %  TiC 
carbide  steel  represents  an  austenite-martensite 
matrix. 

The  carbide  phases  in  the  material  are  mainly  on  the 
borders  of  grains  and  are  represented  by  alloyed 
cementite  (up  to  7.7  %  Cr)  of  900-1100  PIV0.05 
microhardness  and  titanium  carbide  with 
microhardness  more  than  2000  HV0.05- 
As  a  hardening  temperature  increases  the  chrome 
concentration  in  a  matrix  grows  from  1.9  %  up  to 
2.6  %,  and  factor  of  chrome  concentration  variation 
decreases  down  to  0.17  after  a  high-temperature 
hardening  (1050°C). 

With  growth  of  heating  temperature  for  a  hardening 
the  amount  of  a  residual  austenite  in  samples  of  a 
carbide  steel  grows  from  49  %  (hardening  from 
850  °C)  up  to  83  %  (see  the  table),  and  hardness  of 
materials  is  reduced  from  460  down  to  210  HB. 
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Table:  Intensity  of  abrasive  wear  Ia  ,  results  of  X-ray  analisis  and  statistical  MRSA  of)  carbide  steel 
nA.-KFpl.5X2H  +5%TiC  infiltrated  with  copper. 


Temperature  of  a 
hardening.  °C 

Ia 

mg/min 

Vy 

<p,% 

Wj,  % 

cCr,% 

(wt.) 

VNi 

VCr 

850 

3.6 

49 

38 

32 

1.7 

0.27 

0.41 

900 

3.2 

82 

53 

58 

1.9 

0.27 

0.40 

950 

0.8 

82.5 

69 

<75 

2.4 

0.26 

0.33 

1050 

2.6 

80 

0 

<20 

2.6 

0.17 

0.27 

Designations:  Vy-  austenite  volume  in  a  material;  v  - 
phase  transformation 

The  data  on  an  abrasive  wear  and  volume  of 
austenite  phase  in  a  material  before  the  tests  and 
volume  of  y-a'  phase  transformation  on  a  friction 
surface  after  the  tests  are  shown  in  the  table 
above. 

The  abrasive  resistance  of  carbide  steels  is  non¬ 
linear  and  depends  on  hardening  temperature. 

The  wear  intensity  of  carbide  steels  has  made 
approximately  3  mg/min,  except  for  samples 
hardened  from  950  °C. 

As  can  be  seen  from  the  table,  for  the  given 
samples  the  least  wear  (0.8  mg/min)  has  been 
achieved  at  maximal  volume  of  transformation,  cp 
=  69  %. 

The  increase  of  wear  intensity  and  absence  of 
phase  deformation  transformation  after  a 
hardening  from  1050  °C  relates  to  changing  the 
chrome  distribution  in  a  matrix. 

As  70  %  of  points  on  analyzed  metallographic 
sample  had  the  chrome  contents  of  more  than 
2.3  %,  the  maximum  of  distribution  was  displaced 
into  area  of  the  increased  chrome  concentration. 

In  a  supposed  interval  of  austenite  instability  an 
Wj  frequency  density  amounts  to  20  %. 


factor  of  a  concentration  variation;  cp  -  volume  of  a 

Comparison  of  frequency  density  W;  (%)  in  an 
concentration  interval  of  a  "metastable  austenite" 
(chrome  1.3  -  2.3  %)  with  volume  of  phase 
transformation,  cp  (see  the  table),  has  shown  their 
agreement  within  the  limits  of  measurement  errors 

So,  the  chrome  distribution  in  a  material  allows  to 
evaluate  the  volume  of  potential  phase 
transformations. 

Based  on  the  results  of  the  phase  analysis  and 
measurements  of  hardened  layer  microhardness 
the  fracture  energy  of  a  transformation  induced 
plasticity  (TRIP)  steel  at  friction  on  an  abrasive 
has  been  evaluated. 

The  linear  dependence  of  a  steel  relative  abrasive 
resistance  on  "metastable  austenite  -  deformation 
martensite"  transformation  volume  has  been 
established. 

Thus,  for  chromium-nickel  steels  the 
concentration  interval  has  been  determined,  in 
which  the  austenite  is  unstable  at  a  loading  and 
friction. 

The  amount  of  a  metastable  austenite  can  be 
predicted  using  the  statistical  data 

microradiographic  spectral  analysis. 
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Process  of  population  aging,  common  for 
all  industrially  developed  countries,  and  also, 
injury  growth,  connected,  in  particular,  with 
increase  of  quantity  of  vehicles  and  permanent 
local  armed  conflicts,  put  forward  as  one  of 
paramount  tasks  of  medical  service  a  problem  of 
“man's  repair  ”  including  partial  or  complete 
replacement  of  some  body  parts.  Use  of  donor 
organs  (including  those  supposedly  produced  by 
cloning),  except  for  medical  difficulties,  is 
connected  with  complex  socio-ethical  aspects, 
from  which  only  artificial  materials  are  free.  The 
manufacturing  the  artificial  implants  has  resulted 
in  appearance  of  the  whole  branch  in  material 
engineering,  namely,  development  of  bioinert  and 
bioactive  ceramics,  polymers,  metals  and  alloys. 

Efforts  of  many  researchers  are  focused  on 
creation  of  substitutes  for  hard  tissues:  bones  and 
teeth.  Their  partial  or  complete  replacement  is  used 
for  a  long  time,  however,  aspiration  of  medical 
personnel  and  patients  to  the  maximal 
convenience,  durability,  low  cost  and  natural  origin 
results  in  necessity  of  permanent  development  of 
new  materials.  So,  the  data  on  “washing  away”  of 
some  elements,  for  example,  nickel  and  chrome 
during  long-term  running  in  organism,  stimulated 
wider  use  in  medical  practice  of  non-toxic 
materials,  such  as  titanium  [1,2]. 

Problem  of  titanium  appearance  and 
biocompatibility  improvement  is  solved  by 
application  of  ceramic  or  composite  polymeric 
coatings.  Indispensable  condition  of  a  high-quality 
coating  is  a  strong  bonding  of  the  coating  layer 
with  metal.  Layer,  which  is  directly  put  on  metal, 
is  only  usually  required  to  provide  a  good  binding 
both  with  titanium,  and  a  layer  which  is  carrying 
out  a  decorative  function.  The  most  evident  option 
is  an  application  of  gluing  composition  as  a 
bonding  layer. 

Photopolymers  are  widely  used  today  in 
modem  stomatological  materials.  The  firm 
"Ivoclar"  (Germany)  developed  a  composite 
polymeric  material  with  ceramic  filler  -  Targis 
ceromer.  The  bond  of  ceromer  with  metal  is 
provided  with  a  Targis-Link  special  liquid,  which 
is  put  on  sandblasted  and  steam  passivated  metal, 
and  then  precured  at  illumination.  After  that  the 


subsequent  layers  (each  presolidified)  are  applied. 
Final  solidification  is  performed  in  special  box  [3], 

Taking  into  account  absence  of  thermal 
treatment,  it  is  reasonable  to  suppose 
photopolymers  suitable  for  decoration  of  any 
metals.  In  a  Powder  Material  Research  Centre  the 
bond  resistance  of  Targis  ceromer  with  "Cellite  H" 
TU  9391-008-11329825-97  nickel-chrome  alloy 
has  been  investigated.  Test  samples  were  made  in 
Denture  Branch  of  Perm  Regional  Clinical 
Dentistry.  The  tests  were  performed  with  Instron- 
1 1.95  rupture-test  machine  by  a  method  of  a  three- 
point  bend  according  to  GOST  P  51736-2001 
"Metalloceramics  stomatological  for  dentures: 
specifications,  testing  methods".  According  to  the 
GOST  requirements  a  bond  resistance  of  ceramics 
with  an  alloy  should  be  not  less  than  25  MPa. 
Cermet  is  considered  to  have  passed  the  test,  if  not 
less  than  4  samples  of  6  samples  meet  the  above 
specified  requirement.  The  average  bond  resistance 
of  Targis  ceromer  with  an  alloy  was  24.6  ±  2.8 
MPa,  and  only  3  samples  from  a  test  set  had  a  bond 
resistance  above  25  MPa.  Thus,  in  this  case,  bond 
resistance  with  metal  of  simple  glue  bonding 
without  thermal  treatment  is  not  sufficient. 

Ducera  Dental-Gesellschaft  mbH 
(Germany)  has  developed  Duceratin  for 
application  on  titanium  dentures  ,  and  this  ceramic 
mass  is  bonded  with  metal  by  bonding  layer 
formed  during  thermal  treatment  in  vacuum  at  830 
°C  [4],  Investigations  performed  in  Powder 
Material  Research  Centre  to  define  a 
competitiveness  of  the  Centre's  engineering,  have 
shown  that  the  binding  layer  represents  just  a 
crystal  substance.  Decoding  of  the  data  with 
ASTM  File  [5]  has  allowed  to  clearly  identify  this 
substance  as  tetragonal  InSb04  (ASTM  card  _N°. 
15-552).  Usually  InSb04  is  applied  in  semi¬ 
conductor  engineering  [6,  7],  The  idea  of 
application  of  semi-conductor  heteroepitaxial 
structures  in  denture  stomatology  is  interesting  and 
could  be  very  fruitful.  Flowever,  in  this  case  use  of 
a  non-  toxic  titanium  with  decorative  layers 
containing  indium  and  antimony  instead  of  a 
"toxic"  nickel  -  chrome  alloys  is  controversial. 

When  using  a  traditional  method  of 
coating  the  metal  by  thermal  processing  of  applied 
charge  the  bond  resistance  of  a  ceramic  layer  with 
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a  titanium  depends  on  oxide  film  thickness  on  a 
surface,  rate  of  heating  and  cooling,  difference  in 
thermal  factors  of  linear  expansion  and  etc.  The 
features  of  titanium  oxidation  strongly  limit  a 
range  of  applied  temperatures  at  which  the  layer 
strongly  bonded  to  metal  is  formed  [8].  The 
application  of  vacuum  during  thermal  treatment 
almost  does  not  influence  oxidation  of  titanium 
layer,  contacting  with  a  ceramic  coating,  as  the 
ceramic  melt  is  rich  with  oxygen. 

Powder  Material  Research  Centre  in 
cooperation  with  Perm  State  Medical  Academy  has 
developed  the  methods  of  proprietary  BT1-00 
charge  composition  application  on  titanium  [9].  It 
has  been  shown  that  the  methods  of  surface 
preparation  usually  used  in  denture  practice  are 
insufficient  for  high-quality  bonding  layer,  which 
in  this  case  represents  a  whole  with  oxidized  metal 
layer.  It  has  been  established  that  the  following 
sequence  of  operations  is  optimum:  sandblasting, 
surface  degreasing  in  an  acetone,  phosphatizing 
[10].  When  phosphatizing  a  deep  passivation  of 
surface  occurs  allowing  to  considerably  slow  down 
or  completely  prevent  an  oxidation  of  internal 
surfaces  of  titanium  coronas  during  thermal 
treatment.  The  calcination  modes  for  a  bonding 
layer  and  subsequent  layers  have  been  determined 
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Fig.  1.  Microstructure  of  an  oxide  layer  on  a 
surface  of  BT1-00  titanium,  magnifying  by  500. 

The  bond  resistance  of  a  ceramic  layer  with 
titanium,  measured  according ^to  GOST  P  51736- 
2001,  has  made  35.2  ±3.2  $IPa  that  meets  the 


specified  requirements.  Fig.  1  shows  the  surface  of 
a  titanium  covered  with  stomatological  ceramics  in 
2  layers.  Oxide  layer  has  3  micron  thickness  and 
uniformly  covers  a  surface  of  metal. 
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A  key  feature  of  materials  produced  by  modem 
PM  methods  is  an  essential  dependence  of  their 
static  and  fatigue  strengths  on  the  scale  factor  as 
well  as  on  the  mode  and  nonuniformity  of 
stressed-strained  state  of  these  materials.  In 
addition,  the  majority  of  these  materials,  e.g. 
structural  ceramics,  WC-Co  cemented  carbides 
exhibit  a  distinct  dependence  of  their  properties 
on  the  composition  and  structure.  We  have  found 
that  the  computer-aided  modeling  of  stressed- 
strained  and  limiting  states  of  commercial  high- 
pressure  apparatuses  (HPA)  not  allowing  for  the 
above  factors  yields  overestimated  values  of  the 
strength  and  life.  Therefore,  it  cannot  provide  the 
basis  for  the  optimization  of  the  HPA  design  and 
operation  conditions. 

To  allow  for  these  factors,  we  have  modified  our 
previously  developed  criteria  for  static  and  fatigue 
strengths  of  alloys  used  in  HPA  [1], 

Generally,  a  criterion  for  the  static  strength  of 
WC-Co  cemented  carbides  that  are  sensitive  to 
scale  factor  and  structure  parameters  can  be  ritten 

aeg  =  F[a,  Aj(V r,vCo^dwc)]  <1,  i  =  1,2,..,«  (1) 

as 

Here  <jeq  are  the  equivalent  stresses  related  to 
tensile  strength  of  the  cemented  carbide  that  are 
calculated  in  terms  of  one  of  the  known  criteria 
for  the  strength  of  structure-inhomogeneous 
materials;  F  is  a  -  function;  is  the  tensor  of 
stresses  at  the  a  combined  stressed  state  of 
the  material;  A;  are  the  material  tensile, 
compression,  torsional  etc.  strengths  (for 
anisotropic  materials,  they  are  different  in 
different  directions).  In  expression  (1)  the  A-t 
constants  depends  not  only  on  the  reduced  volume 
Vr  (scale  factor),  but  also  on  the  Co  mass  _ 
content  vCo  and  mean  value  of  a  WC  grain  ^ wc • 
The  Ai(Vr)  was  taken  according  to  Weibull  theory 

Ai(Vr)  =  Ki/(VUm‘),  ttij  >  0, 
where  Kj  are  the  constants,  m,  are  the  parameters 
of  homogeneity  of  the  material  defined  according 


to  [1],  With  due  account  of  the  dependence  of  the 
material  homogeneity  parameters  on  the  stressed 
state  mode,  the  value  of  the  reduced  volume  was 

V 


where  unit  vector  ,  is  the  radius  vector  of  points  of 
the  V  material  volume,  crC(?max  is  the  maximum 
equivalent  stress  in  the  V  volume. 

The  equivalent  stresses  were  FEM  calculated 
using  Pisarenko-Lebedev  criterion,  which  most 
adequately  describes  the  limiting  state  of  the 
materials  under  consideration  [2], 

To  evaluate  the  fatigue  strength  of  the  structural 
elements,  we  have  established  a  criterion,  which 
fits  to  that  of  static  strength  (1)  and  takes  into 
account  various  modes  of  resistance  of  structure- 
inhomogeneous  materials  to  fracture  when 
changing  the  stressed  state  mode  during  non- 
symmetric  cyclic  loading.  The  criterion  has  been 
established  on  the  assumption  that  in  stress  space 
in  each  point  of  the  V  volume,  the  cyclic  loading 
proceeds  along  the  section  of  the  line  that  is 
limited  by  ends  of  vectors  corresponding  to  two 
stressed  state  modes  of  the  material.  As  applied  to 
commercial  HPA,  the  above  modes  of  the 
stressed-strained  state  correspond  to  operating  and 
unloading  conditions. 

The  basic  relations  that  allow  one  to  evaluate  the 
number  of  cycles  of  loading  of  HPA  cemented 
carbide  elements  up  to  their  fracture. 

A  basic  advantage  of  the  suggested  criteria,  e.g., 
as  compared  to  those  based  on  the  hypothesis  for 
a  “weak”  link,  is  their  non-locality,  i.e.  the 
dependence  of  structural  element  strength  and 
durability  on  the  distribution  of  the  stress  tensor 
components,  which  vary  cyclically  over  the  region 
under  study. 
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Using  the  suggested  procedure  implemented  in  a 
set  of  programs,  the  problem  has  been  solved  of 
optimization  of  the  composition  and  structure  of 
the  cemented  carbide  matrix  of  a  cylindrical  HPA 
(an  analogy  to  the  Belt-type  apparatus)  for 
diamond  synthesis. 

We  dwc  have  .studied  WC-Co  cemented 

carbides  with  the  ranging  from  1.4  to  4.1  pm  and 
cobalt  content  from  4.5  to  37.5  wt%. 

Our  calculations  have  shown  that  to  increase  the 
service  life  of  commercial  HPA  of  the  above  type 
by  a  factor  of  1.5-1. 7,  the  cemented  carbide 
should  have  the  following  characteristics:  a  cobalt 
content  of  about  8.5  wt%,  grit  size  of  1. 8-2.0  pm 
with  the  ratio  between  the  tensile  and  compressive 
stresses  of  no  less  than  0.24. 

A  series  of  numerical  experiments  has  been 
conducted  on  evaluation  of  the  efficiency  of  liquid 
cobalt  imbibition  of  cylindrical  HPA  carbide 
matrixes  following  the  procedure  developed  at  the 
ISM  of  the  National  Academy  of  Sciences  of 
Ukraine  [3]. 

Our  calculations  have  allowed  us  to  obtain  the 
optimal  geometric  parameters  of  the  imbibition 
regions,  in  which  the  Co-concentration  varies 


from  24  (on  the  working  and  lateral  surfaces  of 
the  matrix)  to  10  (in  the  main  bulk  product)  wt% 
[4],  It  has  been  found  that  the  formation  of  a 
gradient  structure  of  this  kind  in  a  matrix  allows 
the  matrix  service  life  to  be  increased  in  average 
by  30-50%  due  to  the  increase  in  the  resistance  to 
fracture  of  the  cemented  carbide  in  the  region  of 
the  maximal  tensile  stresses. 
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One  of  the  main  problems  in  the  development 
of  multilayer  impact-resistant  protective  barriers 
(IRB)  is  the  choice  of  a  basic  material,  which  when 
being  fractured,  is  able  to  be  the  efficient  sink  for 
the  kinetic  energy  of  a  firing  pin.  At  impact 
velocities  that  are  characterized  by  the  pin  kinetic 
energy  of  above  2.5  kJ,  this  requirement  is  best 
met  by  structural  ceramics  based  on  boron  or 
silicon  carbides.  At  present  the  assessment  of  the 
efficiency  of  ceramics-based  IRB  and  the  search 
for  an  IRB  optimal  design  are  performed  mainly 
by  ballistic  tests.  However,  because  of  a  great 
number  of  types  of  the  impact  interaction  between 
pins  and  barriers  and  in  view  of  the  changed 
economical  conditions,  ballistic  tests  have  become 
a  very  expensive  test  method.  In  the  present 
paper  we  suggest  a  new  engineering  approach  to 
the  assessment  of  the  ballistic  limit  to  multilayer 
barriers  that  is  based  on  the  finite-element 
simulation  of  the  barrier  deformation  and 
fracture  at  the  initial  instant  a  pin  strikes  a  barrier. 
In  our  opinion  this  approach  allows  ballistic  tests 
to  be  considerably  reduced  and  in  some  cases 
avoided. 

According  to  the  developed  procedure,  the 
determination  of  the  ballistic  limits  to  ceramics- 
based  combined  armor  elements  implies  three  main 
stages: 

-  the  determination  of  the  impulsive  force  and 
contact  pressure  distribution  over  the  IRB  surface 
taking  into  account  large  plastic  deformations  of  a 
steel  firing  pin  and  the  peculiarities  of  its  contact 
interaction  with  the  barrier; 

-  the  finite-element  simulation  of  the  stressed- 
strained  and  limiting  states  of  an  IRB  at  various 
impact  angles  and  velocities,  including  those  that 
are  close  the  ballistic  limit; 

-  the  determination  of  the  ballistic  limit  (the 
lowest  ballistic  velocity  of  a  firing  pin,  at  which  it 
still  can  break  through  the  barrier)  by  calculating 
of  the  IRB  reduced  radius  and  mass  involved  in  the 
impact. 

It  has  been  found  that  in  the  case  of  the  normal 
impact  (a=0),  the  radius,  Rb,  of  the  barrier 
involved  in  the  impact  is  found  as  a  boundary, 
beyond  which  axial  stresses  are  ay  <  10%  max  ay. 

For  impact  angles  of  a  *  0,  we  have  taken  as  a 
criterion  for  Rb  the  radius  of  the  compressed 


nucleus  that  is  adjacent  to  the  impact  zone  and 
whose  size  is  found  from  distribution  of  the  major 
principal  stresses  a,.  By  comparison  between  the 
O]  and  Gy  stress  fields  for  a  normal  impact,  we  have 
found  the  a,/maxCT,  ratio  that  defines  the  boundary 
of  the  compressed  nucleus  for  all  the  impact 
angles,  a.  If  impact  velocities  are  close  to  ballistic 
limit,  the  inertial  forces  are  comparable  with  the 
strength  characteristics  of  the  IRB  material.  In  this 
case,  knowing  the  impact  force  and  assuming  that 
the  IRB  materials  are  elastoplastic,  one  can  assess 
their  limiting  state  and  the  compressed  nucleus  size 
based  on  the  nonlocal  strength  criterion  we  have 
suggested  earlier. 

The  efficiency  of  the  approach  we  suggested 
and  realized  in  the  form  of  a  PC  software  package 
has  been  verified  by  solving  a  number  of  test  and 
applied  problems  on  breaking  through  combined 
multilayer  armor  elements  used  as  various 
protective  systems. 

For  different  impact  angles  and  velocities, 
including  those  that  are  close  to  the  ballistic  limit, 
we  have  related  the  ultimate  ballistic  velocity  to 
the  properties  of  the  pin  material  and  the  barrier 
thickness.  It  has  been  shown  that  the  increase  of 
the  pin  hardness  by  a  factor  of  3  decreases  the 
ballistic  limit  by  15  %  and  at  high  impact 
velocities  and  a  high  thickness  of  a  barrier,  firing 
pins  of  materials  with  higher  mechanical 
characteristics  are  of  a  higher  breaking  ability.  At 
sufficiently  low  velocities  of  an  impact  with  thin 
ceramic  plates,  firing  pins  of  high-strength  steels 
and  cemented  carbides  exhibit  the  highest  breaking 
ability. 

Examples  illustrating  the  potentialities  of  the 
suggested  approach  are  results  of  the  solutions  of 
the  problem  on  optimization  of  the  composition  of 
a  multilayer  IRB,  which  is  based  on  a  9-mm  thick 
large  silicon  carbide  plate  that  is  produced  by  slip 
casting  at  the  V.Bakul  Institute  for  Superhard 
Materials  of  the  National  Academy  of  Sciences  of 
Ukraine.  With  a  limited  thickness  of  the  entire 
armor  sandwich,  the  ratio  between  thicknesses  of 
the  facing  material  (kevlar)  layers  at  the  face  and 
back  sides  of  the  ceramic  plate  should  be  no  less 
than  1:14  in  order  to  prevent  the  firing  pin  with  a 
kinetic  energy  of  about  3.5  kJ  from  breaking 
through  the  IRB. 
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Result  of  treatment  of  aluminum  and  its 
alloys  in  electrolytic  plasma  is  diffusive  layer 
on  aluminum  surface  with  qualitative  change 
characteristics.  There  are  wear  resistant, 
corrosion  stability,  heat  resistance,  increased 
specific  resistance  [1,  2].  The  coating  having 
such  properties  has  a  phase  composition 
differing  from  aluminum  matrix.  In  this  work  a 
phase  composition  of  diffusive  layer  has  been 
investigated. 

The  treatment  samples  micro  structure  was 
determined  by  etch  in  0,5%  HF  solution  and 
metal  lographic  analyses  on  microscope 
"Neophot-21"  and  PMT  -3. 

Phase  composition  identification  was 
carried  out  by  method  of  X-ray  structure 
analysis  on  diffractometer  DRON  -  2  in  iron 
and  copper  radiation. 

Structure  and  composition  investigation  of 
surface  zone  of  sample  was  carried  out  by 
microradiostructure  analyses  on  scanning 
electron  microscope  "Link  analytical". 


Results  obtained  by  metallographic 
analyses  of  surface  aluminum  and  its  alloys 
after  treatment  are  microstructure  changing: 
white  layer  with  thickness  30  -  80  p. 

■  Microhardness  of  layer  change  in  depth  of 
metal  from  1 1 07±1 1 5  kg/mm2  to 
643+96  kg/mm2  depend  on  saturation  regime 
and  composition  of  aluminum  alloys. 
Microhardness  of  sample  matrix  was  an 
increase  in  3-4  times. 

The  phase  of  a-AlB]2,  a-AlB10,  P  -  A1B,2, 
C4A1B24,  y-AlBi2,  ALB4C4,  A14H2,  A1(BH4)3 
was  determined  in  result  of  X-ray  structure 
analysis.  The  diffraction  maximums  have  been 
moved  towards  big  angle  of  deflection. 
Besides,  the  extension  of  diffraction 
maximums  is  observed,  that  indicate  on 
existence  of  amorphous  structure  in  the  surface 
layer. 

Results  of  microradiostructure  analyses 
have  been  presented  on  fig.  1 . 


Fig.  1.  Boron  distiibution  in  depth  of  aluminum  alloys  samples  All  and  A12. 


Chemical,  physical,  mechanical 
properties  of  borides  aluminum  are  the  same 
well-known  substance  as  boron  carbide, 
silicon  carbide  and  alumina;  Its  form  the 
unique  .material  class  combined  *a  physical- 
chemical  properties  of  refractory  crystals  with 
characteristic  properties  of  amorphous  semi¬ 
conductors.  Therefore,  boron  modification  and 


high-  boron  combination  with  complicated 
structure  was  named  a  quasi-amorphous  semi¬ 
conductors  [3]. 

According  to  X-ray  structure  analysis 
dates  the  diffusive  layer  consists  from  several 
borid  aluminum  modifications.  Some  of  there 
are  high  -  boron  combinations  (a-AlBi2,  a- 
AIB10,  p  -  AIB12,  C4AIB24,  Y-A1B,2)  and  low- 
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boron  combinations  (AI8B4C4,  A14H2, 

A1(BH4)3).  This  is  conditioned  by  specificity 
of  metal  surface  treatment  in  electrolytic 
plasma.  Boron  atoms  diffusion  in  metal  under 
condition  of  treatment  in  electrolytic  plasma 
has  some  peculiarities.  Saturation  operation 
can  realize  in  several  mass  transfer 
mechanisms.  This  saturation  process  is 
characterized  by  surface  local  heating.  The 
local  temperature  may  be  103  -  104  K.  Under 
the  action  such  temperatures  an  ion* 
implantation  is  realized  and  as  a  result  a  boron, 
hydrogen  and  aluminum  atom  mixtures  are 
formed  in  metal  without  limitations 
determined  by  solubility  and  chemical  activity 

[4]. 

Simultaneously  with  implantation  the 
reaction  diffusion  of  interstitial  element  in 
metal  substantially  along  grain  boundaries, 
dislocations  as  well  as  bulk  of  boundaries  but  a 
lesser  degree  take  place.  Maximum  boron 
penetration  range  in  metal  is  150  p.  However, 
according  to  sectioning  method  the  borid 
aluminum  formation  realize  in  the  range  of 
coating  thickness  determined  by  etching  and 
metallographic  analyses.  This  thickness  is  50- 
80  p.  The  fig.  1  shows  that  boron 
concentration  allowing  the  formation  of  borids 
to  alloy  A12  reach  into  60  p  and  to  alloy  All  - 
to  80  p.  The  boron  penetration  thickness 
depends  on  chemical  composition  of 
aluminum  alloy.  Thus,  presence  of  silicon  (10- 
13%)  in  alloy  All  promote  boron  penetration 
in  metal  at  greater  distance  than  to  alloy  A12 


where  silicon  is  absent.  With  increase  of 
silicon  will  be  formed  most  likely,  borids  a- 
AIB12,  and  at  reduction  -  y-AlBi2.  Chromium 
content  in  alloy  promotes  formation  such  as 
phase  a-AlBio,  Bi2C2A1.  For  alloys  containing 
Mg  -  a-AlBio,  A1B3Hi2,  A1  (BH4)3,  p-AlB]2. 
Thus,  the  appearance  of  a  phase  P-AIB12  and 
phases  containing  hydrogen  is 
characteristically  for  coverings  on  alloys 
containing  Mg. 

So,  forming  and  composition  of 
diffusive  layer  on  the  aluminum  surface 
depend  on  many  factors.  As  a  result  its  action 
the  diffusive  layer  with  heterogeneous 
composition  and  qualitatively  differing  of 
metal  matrix  is  formed. 
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The  method  volumetric  alloying  of  metal 
materials  is  carried  out  at  super-deep  penetration  of 
high-speed  dispersed  particles  as  a  result  of 
explosive  influence.  Such  processing  allows 
obtaining  composite  materials  with  a  high  level  of 
physical-mechanical  and  operational  properties.  It 
is  revealed  a  number  of  the  interesting  abnormal 
phenomena  proceeding  at  explosive  alloying. 

The  problem  of  the  present  research  included 
studying  structural  changes  in  metal  materials 
(steels  E3,  08X18H10T,  P6M5,  60G,  Armco-iron, 
titanium,  molybdenum),  connected  with 
development  of  hardening. 

The  comparative  analysis  of  a 
microstructure  of  a  matrix  of  materials  with 
volume-centered  cubic  lattice,  face-centered  cubic 
lattice  and  GP-lattices  has  shown,  that  law  of 
super-deep  penetration  the  disperse  particles 
accelerated  by  energy  of  explosion,  at  them  are 
similar  and  include  movement  and  braking  of 
particles,  formation  and  shutting  down  channels 
for  ways  of  their  moving,  and  also  occurrence  of 
non-uniform  fields  of  pressure,  accumulation  of 
high  density  of  defects  and  occurrence  complex 
dissipative  substructures  indicating  about 
relaxation  processes  of  strain  character  at  which 
local  plastic  deformation  is  carried  out.  In  result 
there  is  a  self-organizing  of  cooperating  defects  of 
a  crystal  structure  which  is  accompanied  by 
formation  of  a  non-uniform  high-energy 
substructure  of  a  material.  For  the  relaxation 
processes  proceeding  in  researched  materials, 
realization  near  to  particles  and  trajectories  of  their 
movement  of  essential  plastic  shifts  and  the  turns 
peculiar  to  strongly  deformed  condition  when  there 
are  collective  forms  of  movements  in  ensembles  of 
strongly  interacted  dispositions  is  general.  Thus  in 
the  areas  covered  fragmented  or  cellular  structure, 
are  shown  large-scale  heterogeneity  of  the  crystal- 
lattice  orientations  causing  significant  off- 
orientation.  Near  to  channels  and  channel  zones 
high-energy  no  equilibrium  substructures  with  high 
charging  density  of  a  disposition,  extensive  long¬ 
distance  pressure  both  big  continuous  and  discrete 
off-onentation  are  formed. 


Distinction  in  character  of  the  relaxation 
processes  proceeding  in  a  metal  matrix  near  to 
particles  and  trajectories  of  their  movement  is 
caused,  first  of  all,  by  type  of  a  crystal  lattice  and 
different  energy  of  defect  of  packing,  is  abnormal 
the  big  mobility  regional  a  component  dislocation 
loops  in  metals  with  volume-centered  cubic  lattice 
and  primary  sliding  of  a  disposition  on  to 
octahedral  systems  in  metals  with  face-centered 
cubic  lattice,  distinction  of  the  form  and  behavior 
of  dislocation  loops  and  different  behavior  of  twin 
dispositions  in  metals  with  volume-centered  and 
face-centered  cubic  lattices.  If  deformation  of 
shear-rotary  type  in  the  investigated  materials 
similarly  with  formation  fragmented  and  cellular 
structures,  a  zone  with  system  of  crossed 
dispositions  and,  at  last,  with  their  chaotic 
distribution  distinction  in  processes  of  twinning 
and  formations  of  defects  of  packing  is  observed. 
In  Armco-iron  and  molybdenum,  on  the  one  hand, 
and  in  steel  08X18H10T,  on  the  other  hand, 
mechanisms  of  twinning  and  formations  of  defects 
of  packing  that  has  caused  distinction  of 
morphology  of  doubles  and  different  result  from 
process  of  formation  of  defects  of  packing  (a  pre¬ 
twinning  condition  in  metals  with  volume-centered 
cubic  lattice  and  formation  of  a  new  phase  e- 
martensite  in  metals  with  face-centered  cubic 
lattice)  essentially  differed.  Distinction  was  shown 
and  in  behavior  of  a  disposition  and  borders  of 
grains  (their  abnormal  splitting  in  metals  with 
volume-centered  cubic  lattice  and  traditional  in 
metals  with  face-centered  cubic  lattice). 

Moving  particles,  testing  resistance  on  the 
part  of  a  matrix,  reduce  the  speed,  are  decelerated 
and  stop.  In  places  of  their  braking  arise  the  long¬ 
distance  fields  of  pressure  inducing  relaxation 
processes  which  have  a  wave  nature.  Shock  waves 
raise  pulses  of  impact.  Waves  of  pressure 
generated  by  these  processes,  being  imposed,  form 
superposition  of  pulses.  Relaxation  processes  near 
to  particles  are  carried  out  by  consecutive  dumps 
of  pressure  as  a  result  of  emission  from  borders  a 
particle  -  matrix  of  defects  (dispositions  and 
disclinations).  Presence  testifies  to  occurrence 
long-distance  fields  of  pressure  close  decelerated 
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particles  spider-like  extinction  loops  of  wave  type 
which  character  testifies  about  them  elastic  - 
plastic  origination.  In  all  cases  of  a  field  are 
shielded  by  a  field  of  the  disposition,  arising 
around  of  particles.  Extinction  loops  have  arisen  as 
a  result  of  localization  of  swirl  deformation  in  a 
place  of  braking  of  particles.  This  fixed  condition 
of  the  plastic  deformation  proceeding  at  impact 
with  very  high  speed  and  resulting  in  occurrence 
around  of  particles  of  long-distance  fields  of 
pressure  of  elastic  -  plastic  character. 

With  the  purpose  of  studying  character  of 
change  long-distance  fields  of  pressure  close 
decelerated  particles  measured  tensors  a  bend  - 
torsion  of  the  crystal  lattice,  caused  by  presence  in 
structure  various  disposition  -  disclination 
formations.  Fields  of  pressure  near  to  particles 
derivate  a  significant  bend  dep/dx  nuclear  planes 
which  may  be  connected  to  components  of  plastic 
bend  -  torsion  H,  tensor  [3  of  superfluous  density  of 
a  disposition  and  radius  R  of  curvature  of  a  lattice. 

Researchers  also  influence  of  a  mode  of 
processing  change  of  density  of  a  metal  target. 
Change  of  density  of  stability  for  each  concrete 
case.  In  case  of  consecutive  loading  of  a  material 
occur  self-adjustments  of  its  structural  elements, 
including  formation  of  map  of  distributions  of 
density.  It  allows  explaining  registered 
experimental  gallop  of  concentration  of  an  entered 
powder  after  triple  processing.  Apparently,  the 
basic  responsibility  for  it  is  carried  with  the 
following  structural  elements:  channel  structures, 
zones  of  "amorphization"  and  deformations, 
doubles  of  border  of  grains,  zones  of  local  change 
of  density.  Obviously,  it  explains  increasing 
influences  of  process  explosive  alloying  at  increase 
of  an  alloying  degree  and  structural  heterogeneity 
of  an  initial  matrix.  Change  of  structure  and 
properties  of  steel  P6M5,  under  equal  conditions  of 
processing,  always  much  above,  than  at  Armco- 
iron  and  carbonaceous  steels. 

In  metal  materials  process  of  hardening  by 
disperse  particles  dispersed  by  energy  of 
explosion,  is  multiple-factor  and  consists  in 
reinforcing  by  channels  and  channel  zones, 
amorphization  and  p-alloying,  dispersive 
hardening  by  particles,  deformation  hardening  as  a 
result  of  local  plastic  acts  of  relaxation  type,  and 
phase  hardening  if  in  a  material  will  carry  out 
phase  transformations.  Character  of  the  last  in 
many  respects  is  defined  by  type  of  a  crystal  lattice 
of  a  matrix.  Each  of  the  listed  factors  is  local  and 
brings  the  contribution  to  hardening  a  material  at 
explosive  alloying,  and  their  actions  according  to  a 
principle  of  additivity  are  summarized 


CJK)p  +  aap„ 

Where 

^a.Mop  0*/u!cn 

^Bip 

Deformation  hardening  of  all 
volume  of  the  processed 
material,  achievable  by 
explosive  influence 

^apM 

Reinforcement  making 
hardenings  by  channels  and 
channel  zones 

®a>nop 

Hardening  subsurface  zones  of 
channels  in  result  of 
amorphization 

®ncr 

Hardening  subsurface  zones  of 
channels  by  p-alloying  at  partial 
dissociation  of  moving  particles 

0;iacn 

Dispersive  hardening  by 
particles  dependent  on  their 
sizes  and  a  volume  fraction 

The  deformation  hardening  of 
local  zones  consisting  of 
pressure,  created  by  fragmented 
(o<i,par),  cellular  structure  (a„,,) 
and  area  with  the  raised  density 
of  dispositions  (aflHC1)  near  to 
particles: 

^/iec|>  —  C’d.pa,'  "F  +  OalIc., 

Long-distance  fields  of  pressure 

Phase  hardening  if  in  a  material 
phase  transformations  proceed 

Thus,  explosive  alloying  metal  materials 
allows  making  purposeful  change  on  depth  of  a 
defective  substructure.  Kinetic  redistributions  of 
defects  it  is  defined  by  a  mode  of  processing  and 
an  initial  structure  of  a  material.  Evolution  of  a 
defective  substructure  occurs  at  different  structural 
levels:  nuclear  (redistribution  of  dot  defects, 
formation  of  vacancy  clusters,  shutting  down  of 
vacancy  disks,  crawling  of  dispositions,  local 
amorphization,  p-alloying  of  matrixes), 
mesoscopic  (formation  of  high-energy  dissipative 
substructures  with  high  charging  density  of  a 
disposition,  doubles  and  defects  of  packing, 
splitting  of  a  disposition,  formation(education)  of 
non-uniform  loading  fields  with  big  continuous 
and  discrete  off-orientations),  microscopic 
(formation  of  channels  and  channel  zones, 
penetration  of  particles,  formation  e-martensite, 
splitting  of  borders  of  grains,  occurrence  of  zones 
of  the  located  deformation).  Relaxation  processes 
and  the  phase  transformations  proceeding  in  metal 
materials  at  explosive  alloying,  have  a  wave 
nature. 
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The  raise  of  functionalities  of  materials 
working  in  conditions  of  zone  of  friction  or 
abrasive  cutting  requires  development  of  the  new 
approaches  to  shaping  their  structure.  The  basic 
landmarks,  which  specialists  engaged  in  desidning 
of  such  materials  hold  on  to,  remain  invariable: 
decrease  of  contact  forces  and  temperatures,  and 
also  prevention  of  various  undesirable  structural 
transformations  in  contacting  surface  layers. 
Traditional  methods  of  a  solution  of  these 
problems  are  the  introduction  in  structure  of 
composites  of  solid  lubricants  and  use  of  various 
cooling  technological  mediums.  However, 
possibility  of  reception  of  qualitatively  new 
solutions  on  the  basis  of  these  two  approaches  to 
the  present  time  practically  is  exhausted.  First  of 
them  is  essentially  restricted  to  a  decrease  of  wear 
resistance  (and  generally  -  bearing  strength)  of 
composites  with  magnification  of  the  volumetric 
content  of  solid  lubricants.  The  second  approach 
nor  is  universal,  as  can  not  guarantee  a  protection 
of  contacting  surfaces  at  those  levels  of  loadings 
and  relative  velocities,  which  quite  often  are 
required  by  modem  engineering. 

Under  our  judgement,  the  creation  of 
materials,  which  would  be  substantially  free  from 
the  above  mentioned  restrictions,  can  be  connected 
to  a  solution  of  a  problem  of  formation  in  contact 
zone  of  active  gas  mediums,  capable  essentially 
influence  a  condition  of  contacting  surfaces  [1,2]. 
The  components  of  such  mediums,  being  adsorbed 
on  a  surface  of  a  solid  in  dynamic  contact  zone,  are 
capable  to  result  in  a  significant  decrease  of  forces 
of  interatomic  interaction  in  thin  superficial 
stratums  of  treated  materials  [3].  It  opens  wide 
prospects  of  control  of  a  dissipation  of  an  energy  in 
zone  of  friction,  defining  longevity  and  structural 
perfection  of  contacting  surface.  With  reference  to 
processes  of  abrasive  cutting  it  means  a  possibility 
of  redistribution  of  energy  expended  on  formation 
of  imperfections  of  a  treated  surface,  and  it 
abrasive  dispergation,  for  the  benefit  of  the  latter. 

The  activity  of  the  mentioned  gas  mediums 
can  be  stipulated  first  of  all  by  content  in  them  of 
electronic-exited  molecules  and  submolecular 


particles  -  radical  -  ions  and  free  radicals  [4].  Thus 
the  greatest  efficiency  of  their  use  can  be  reached 
in  conditions,  when  by  their  radiant  appears  itself 
abrasive  or  antifrictional  material.  First  of  all  it 
concerns  materials  on  the  basis  of  organic 
polymers. 

From  our  point  of  view,  there  are  two 
directions  of  creation  of  polymeric  composites 
with  a  high  emission  of  active  gas  mediums  in 
zone  of  friction.  First  of  them  is  connected  to 
shaping  of  such  structure  of  a  polymeric  grid, 
which  would  ensure  a  necessary  level  of  a  radical 
emission  at  the  expense  of  yields  of  the 
destruction.  Other  approach  is  based  on 
introduction  in  a  polymeric  matrix  of  such 
substances,  which  are  capable  to  be  radiants  of 
active  components  (in  particular,  free  radicals)  in 
contact  zone. 

In  this  case  necessary  condition  is 
immobilization  of  entered  substances  on  any 
carrier,  as  many  from  them  can  be  unstable  in 
conditions  of  deriving  of  a  composite.  Thus  the 
adsorption  on  a  surface  of  ultra-disperse  powders 
is  not  the  best  yield,  as  the  introduction  of 
submicronic  particles  covered  with  adsorbed 
stratums  of  fluid  components  can  essentially 
decrease  composite’s  strenth.  Our  attention  was 
attracted  with  natural  stratified  minerals  with  weak 
connections  between  separate  stratums  of  atoms 
and,  in  particular,  clay  minerals  [5].  These 
substances,  which  typical  representative  is 
montmorillonite,  are  capable  to  accumulate  in  the 
structure,  at  the  expense  of  magnification  of 
interlayer  distances,  significant  amounts  of  water 
or,  in  defined  conditions,  organic  substances. 

Such  intercalation  happens  in  two  stages. 
First  of  them  -  adsorptive  -  consists  in  an 
adsorption  of  an  active  component  by  a  surface  and 
interlayer  gaps  of  a  crystalline  lattice  of  a  mineral. 
On  the  second  stage  -  osmotic  -  the  significant 
absorption  of  an  active  component  by  interlayer 
space  accompanying  with  magnification  of 
interlayer  distances  happens.  This  process, 
apparently,  can  be  governed  by  preliminary 
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modifying  of  a  mineral  -  carrier  by  various 
exchange  cations. 

Such  mode  of  immobilization  of  active 
components  has  essential  advantages  on  a 
comparison  from  their  adsorptive  fixing  on  a 
surface  of  particles  of  a  filler.  At  first,  will  increase 
durability  of  deduction  of  the  used  organic 
compaund  in  conditions  of  manufacture  of 
composite  supposing  heat  treatment.  Secondly,  the 
stay  in  interlayer  space  of  a  crystalline  lattice  of  a 
clay  mineral  promotes  a  modification  of  properties 
of  organic  molecules.  The  lengths  of  bonds,  angles 
between  them  and  all  gang  of  allowed 
conformations  vary.  Owing  to  redistribution  of  an 
electronic  denseness  in  absorbed  molecules 
becomes  possible  their  destruction  in  interlayer 
space  of  a  crystalline  lattice  of  a  mineral  -  carrier, 
with  consequent  excretion  of  free  radicals  in 
dynamic  contact  zone.  Interlayering  space  appears 
in  this  case  as  a  microreactor  permitting  to  control 
process  of  destruction  of  an  absorbed  organic 
compound.  Thus  the  excretion  of  active 
components  in  zone  of  friction  or  abrasive  cutting 
becomes  not  connected  with  obligatory  loose  of 
strenth  of  a  superficial  stratum  of  a  composite,  as 
in  its  basis  lays  resersible  change  of  parameters  of 
a  crystalline  lattice  of  a  filler,  instead  of 
destruction  of  its  particles. 

The  full  realization  of  the  given  approach 
to  deriving  polymeric  composite  materials 
intended  for  work  in  zone  of  friction  and  abrasive 
cutting  will  allow  to  increase  considerably  a  degree 
of  activity  of  gas  mediums  created  by  aggregates  in 


contact  with  machined  surface.  It  opens  a 
possibility  of  development  of  composites,  in  which 
filler,  except  for  function  of  providing  for  of 
physical-mechanical  performances  of  a  material, 
will  appear  as  an  accumulator  and  radiant  of  active 
components,  capable  to  improve  conditions  and 
effects  of  operation  of  antifrictional  and  abrasive 
composites. 
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Composites  on  the  basis  of  polymeric 
bonds  are  the  basic  type  of  materials  of  the 
diamond  tools,  which  are  used  for  machining 
metals  and  cermet,  and  on  finishing  operations  - 
also  for  machining  a  glass,  natural  stone  and  other 
building  materials.  Manufacture  and  the 
consumption  of  such  tools  in  the  world  continues 
to  grow,  and,  according  to  the  prognoses,  such 
tendency  will  be  kept  in  the  future. 

The  most  important  elements  of  any 
directed  research  gains  in  the  field  of  development 
of  materials  are  scientifically  justified  criterions, 
on  which  the  functional  properties  of  composites 
will  be  improved. 

The  researches,  which  were  carried  out  last 
time  in  a  department  of  physico-chemistry  of 
diamond-containing  composite  materials  of  ISM, 
create  necessary  preconditions  for  designing  of 
qualitatively  new  criterions  of  refinement  of 
polimeric-abrasive  composites.  This  preliminary 
backlog  contains  detailed  representations  about  a 
character  of  thermal  loadings,  to  which  is  exposed 
polymeric  component  of  materials  in  zone  of 
cutting. 

According  to  our  conceptions,  average 
temperature  in  zone  of  cutting  can  not  be  used  for 
performance  of  conditions,  in  which  the 
destruction  of  a  polymeric  grid  during  work 
happens.  The  real  process  develops  under  action  of 
short  temperature  impulses  (700  -  1000°  C), 
considerably  exceeding  boundary  of  static 
thermostability  of  organic  polymers.  Actually 
polymeric  composite  (is  exacter,  thin  working 
stratum)  is  maintained  in  conditions,  when  the 
energy  of  thermal  oscillations  of  its  basic  structural 
units  (segments  of  macromolecules)  can  be 
compared  to  durability  of  the  appropriate  chemical 
bonds  of  a  polymeric  grid.  As  during  work  of  the 
tool  the  continuous  renewal  of  such  working 
stratum  happens,  it  is  possible  to  state,  that  all 
volume  of  polymeric  composite  all  phase  of  its 
resistance  contacts  to  a  treated  material  extremely 
in  such  "thermally  superintense"  condition. 

The  high  intensity  of  temperature  impulses 
initiating  processes  in  polymeric  composites  in  a 
contact  zone  means  key  difference  of  contact 
destruction  from  destruction  at  static  heat  input. 


However  time  component,  namely  -  the  duration 
of  impulses  of  heat,  plays  the  not  less  important 
role.  The  processes  of  destruction  of  polymers 
have  a  relaxation  nature,  that  is  the  plurality  of  the 
elementary  acts  of  relative  transition  of  segments 
(or  other  kinetic  unites)  of  polymeric  grid  resulting 
in  to  tearing  up  of  bonds,  is  characterized  by  the 
particular  spectrum  of  relaxation  times. 

In  real  conditions  of  operation  of  polymer- 
abrasive  composites  the  characteristic  duration  of 
thermal  impulse  resulting  in  destruction  of  a 
polymeric  grid,  is  close  or  less  characteristic 
interval  of  time  necessary  for  a  relaxation  of 
segments  of  macromolecules.  Therefore  majority 
of  traditional  views  about  a  behaviour  of  polymers 
under  thermomechanical  stress  becomes  in  this 
situation  inapplicable.  Actually,  studying  a 
behaviour  of  polymers  in  contact  zone,  we  deal 
with  a  special  state  of  substance,  namely: 
substance,  which  has  achieved  temperature 
considerably  exceeding  a  limit  of  it 
thermostability,  but  yet  not  had  time  to  react  to  it 
by  the  relevant  structural  modifications.  Such 
condition  is  possible  to  name  "superintense". 

Obviously,  duration  of  such  phase,  when 
the  polymeric  grid  in  real  contact  with 
countersurface  already  has  received  powerful 
temperature  impulse,  but  has  not  reacted  on  its 
with  catastrophic  destruction  in  contact 
microvolume,  is  a  determinative,  which  defines  a 
character  of  work  of  the  tool. 

The  behaviour  of  polymeric  materials  in  a 
similar  situation  is  almost  not  explored.  It  concerns 
as  peculiarities  of  a  structural  condition  of  the 
"superintense"  polymeric  grids,  and  modes  of 
physico-chemical  influence  on  this  condition,  and 
also  correlation  between  duration  of  preservation 
"superintense"  state  of  polymer,  and  working 
performances  of  the  composite,  made  on  its  basis. 
The  duration  of  such  phase  can  be  considered  as 
performance  of  thermostability  of  polymer  under 
an  operation  of  short  high-temperature  impulses  or, 
shorter,  impulse  thermostability.  Impulse 
thermostability  of  the  bond  can  be  used  as 
qualitatively  new  criterion  promising  essential 
refinement  of  the  diamond  tool  on  a  polymeric 
basis. 
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The  quantitative  definition  of  magnitude  of 
impulse  thermostability  of  a  material  requires  use 
of  methods  of  mass-spectrometry  and  thermal 
analysis  and  is  based  on  existence  of  correlation 
between  micromechanical  performances  of 
destructing  layer  of  polymer  and  magnitude  of  loss 
of  a  mass  in  process  of  destruction.  We  offer  to 
determine  this  index  as  time,  for  which  the  sample 
loses  50%  of  initial  microhardness  (other 
micromechanical  performances)  at  temperature 
corresponding  maximum  velocity  of  loss  of  a  mass 
of  a  sample.  For  various  investigated  compositions 
this  magnitude  changes  from  the  shares  of  second 
about  several  seconds. 

According  to  our  conception,  the  important 
physico-chemical  performance  of  a  polymeric  grid 
which  is  in  charge  of  magnitude  of  its  impulse 
thermostability  is  the  distribution  of  free  volume 
between  kinetic  unites  forming  a  structure  of 
polymer.  The  common  regularity,  found  out  by  us, 
consists  in  sharp  magnification  of  magnitude 
impulse  thermostability  at  a  diminution  of  a 
breadth  of  the  above  mentioned  distribution  of  free 
volume.  The  molecular  mechanism  underlying  this 
appearance  is  connected,  apparently,  with  known, 
but  poorly  claimed  at  description  of  solids 
reactions  “effect  of  a  cell”.  In  this  case  this  effect 
is  exhibited  that  the  radical  fragments  formed  at  a 
rupture  of  chemical  bond  of  polymer  under  an 
operation  of  powerful  short  thermal  impulse  have 
no  time  to  move  from  each  other  on  a  large  enough 
distance,  and  with  high  probability  recombine.  In 
an  outcome  instead  of  avalanche  increase  of 
volumetric  concentration  of  ruptures  the  system  of 
“blinking”  connections  is  formed,  that  allows  to 
keep  a  high  level  of  micromechanical 
performances  of  superficial  stratums  of  composite. 
The  gradual  accumulation  of  ruptures  of  a 
polymeric  grid  happens  in  this  case  too.  Thus  each 
“implemented”  rupture  raises  probability  of 
ruptures  of  the  next  bonds,  as  submits  additional 
free  space  for  separation  of  next  formed  radical 


pairs.  A  role  of  a  breadth  of  a  distribution  function 
of  free  volume  to  segments  of  a  polymeric  grid 
from  here  is  quite  obvious:  the  diminution  of  a 
share  of  segments,  for  which  the  magnitude  of 
accessible  free  volume  exceeds  most  probable, 
constrains  self-accelerating  process  of 
accumulation  of  ruptures. 

In  conditions  of  destruction  under  an 
operation  of  short  high-temperature  impulses  the 
real  accumulation  of  ruptures  of  connections 
happens  on  those  sites  of  a  chain,  on  which  the 
radical  fragments  are  formed  not  in  singlet,  but  in 
triplet  condition.  Probability  in  this  case  is  great 
that  the  final  fragment  will  come  off  a  grid  as 
triplet  free  radical,  which  is  not  inclined  to  a 
recombination.  Such  radical  particles  rather  easily 
reach  a  treated  surface  and,  are  adsorbed  on  it, 
essentially  facilitate  process  of  abrasive  cutting. 

Total  of  fugitive  yields  of  destruction, 
evolved  by  a  polymeric  composite  in  zone  of 
friction,  at  magnification  of  an  impulse 
thermostability  of  a  material,  sharply  decreases. 
However  both  the  share,  and  absolute  amount  of 
hitting  in  zone  of  friction  triplet  radicals  rendering 
the  greatest  action  on  a  treated  surface  appears  the 
more,  the  more  is  index  of  impulse  thermostability 
of  composite. 

Thus,  the  perfecting  of  polymeric-abrasive 
composites  basing  on  a  criterion  of  impulse 
thermostability,  allows  to  pursue  collaterally  two 
contradicting  each  other  purposes:  to  raise  wear 
resistance  of  a  material  and  to  reduce  contact 
forces  and  temperatures,  explicatings  in  process  of 
abrasive  cutting. 

On  the  basis  of  polymeric  composites  with 
heightened  impulse  thermostability  we  design  wide 
range  of  tools  with  usage  of  diamonds,  cubic  boron 
nitride  and  usual  abrasives.  Such  tools  now  is 
successfully  used  by  different  customers  in 
Ukraine,  Czechia,  Hungary,  Germany  for  grinding 
and  finish  machining  of  hardened  steels,  hard 
alloys,  ceramic  materials,  natural  stone. 
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The  need  of  an  industry  of  the  developed 
countries  in  abrasive  tools  from  superhard 
materials  (SHM)  continuously  increases.  For  last 
1 0-20  years  manufacture  of  abrasive  SHM  tools  on 
ceramic  bonds,  for  example,  in  the  countries  of 
Europe,  has  increased  in  3-5  times.  A  defined 
complex  of  properties  approached  to  demanded, 
can  have  the  composite  materials  on  glass  bond. 

The  properties  of  glass  materials  on  basis 
of  two  systems  are  investigated:  sodium-boron- 
silicate  and  led-zinc -borate,  which  can  be  a  basis 
of  abrasive  tools  on  ceramic  bonds.  The  complex 
of  properties  describing  glass  as  binding  for  SHM 
is  investigated.  It  includes  temperature  of  sintering 
and  flowing,  chemical  activity,  wear  resistance, 
wetting  ability  and  adhesion  of  a  melt  of  a  glass  in 
relation  to  SHM  and  fillers,  durability  of  deduction 
of  SHM  in  glass  matrix,  crystallizing  ability, 
kinetics  of  sintering  of  glass  powders  and 
composites,  thermal  conductions,  mechanical  and 
other  properties. 

To  provide  for  a  demanded  level  of 
interaction  of  components  of  composites  and  their 
high  aggregate  stability  in  heterogeneous  melts  of 
systems  "glass  -  filler"  the  physico-chemical  and 
technological  aspects  of  interphase  adhesion 
appearances  were  investigated. 

The  regulation  of  properties  of  CBN-  and 
diamond-containing  composites  by  means  of  a 
modification  of  structure  of  glass  bonds  is  realized 
at  the  expense  of  use  of  glasses  of  various 
chemical  structure  or  modifying  them  by  oxides, 
use  of  fillers  of  various  functional  assigning,  and 
also  application  of  different  modes  of  manufacture 
of  composites. 

In  systems  "glass  -  SHM  -  filler"  the 
materials  possessing  new  properties  at  the  expense 
of  use  of  adhesion-active  to  SHM  and  fillers  of 
glasses,  described  by  the  increased  ability  to 
moisten  and  to  keep  grains  of  SHM,  and  also 
distinguished  from  known  by  high  wear  resistance 
and  antifrictional  properties  are  obtained. 


For  reaching  the  given  properties  of  glass- 
composite  binding  materials  a  traditional  process 
of  sintering  in  a  free  condition,  high-speed  low- 
temperature  process  of  thermoplastic  pressing  and 
“solution”  technology  are  used. 

The  diamond  tool  on  ceramic  bonds  has  found  a 
use  on  finishing  operations  of  machining  of  steel 
products  and  unmetal  materials,  and  tool  from 
CBN  -  at  grinding  and  honing  of  hardened  steel. 

Ceramic  bonds  are  applied  to  manufacture 
of  the  following  types  of  the  diamond  tool: 

-  The  grinding  instrument  for  sharpening  the 
cutting  instrument  from  hard-facing  alloys 
together  with  a  steel; 

-  Short-grained  bars  for  finishing  dimensional 
treatment  of  bearing  rollers  from  hardened 
steels; 

-  Blocks  -  bars  for  a  finish  machining  of  steel 
nicks  of  gear-wheels  of  hydraulic  pumps 
both  bent  shafts  of  tractor  and  automobile 
drives; 

-  Elastic  wheels  for  draft  and  fair  grinding  of 
non-metallic  materials  (glass,  ceramics,  self¬ 
colour  stones). 

The  instrument  from  CBN  has 
recommended  itself  on  operations  of  draft  and  fair 
sharpening,  and  also  operational  development  with 
refrigeration  and  without  it  of  hardened  intractable 
steels.  Such  instrument  effectively  works  at  outside 
and  interior  grinding,  and  also  honing  of  quenched 
steel  articles(workpieces).  The  instrument  ensures 
grinding  steels  with  productivity  600  mm3/minute 
and  more. 

The  serviceability  of  the  instrument  from 
CBN  on  ceramic  bonds  is  tested  at  treatment  of 
cutting  tools  from  steels  P6M5,  P9K5,  P9M4K8, 
P123>3K10M3  and  others  at  the  machine-building 
plants  of  Ukraine  and  other  countries  of  CIS,  and 
also  Poland,  Bulgaria  and  China. 
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INFLUENCE  OF  VARIABLE  MAGNETIC  FIELD  ON  FORMATION 
OFSOLID  SOLUTION  DURING  MECHANICAL  ACTIVATION  OF  FURE 

Cu,  Ni  AND  Fe  POWDER  MIX 

Prokopenko  G.I.,  Mordyuk  B.N.,  Efimova  T.V.,  Perekos  A.E.,  Ruzhitskaya  T.V. 

G.V.  Kurdyumov  Institute  for  Metal  Physics  of  the  NASU,  Kiev,  Ukraine 


Last  years  the  methods  based  on  intensive 
mechanical  influence  on  a  material  are  used  more 
often  for  creation  of  materials  with  the  new  or 
improved  characteristics.  First  of  all  are  methods 
of  mechanical  treatment  in  ball  mills  and  intensive 
plastic  deformation  under  high  pressure. 

At  present  time,  the  methods  of 
combination  influence  on  a  material  are  developed 
in  Institute  for  Metal  Physics  of  the  NAS  of 
Ukraine.  For  example,  the  ultrasonic  vibrations 
are  induced  in  the  working  chamber  at  ball  mill 
crushing.  It  was  shown,  that  such  combined 
treatment  results  in  essential  increasing  of  speed 
of  different  solid-phase  reactions  in  materials  and 
allows  to  reduce  time  of  treatment  considerably. 
In  present  work  the  attempt  is  made  to  study 
influence  ball  mill  crushing  with  additional 
influence  of  the  ultrasonic  vibrations  and  variable 
magnetic  field  on  regularity  of  formation  of  solid 
solution  Cu-Ni-Fe  from  elementary  powders. 

Ultrasonic  treatment  of  powder  mixtures 
pennits  to  conduct  a  mechanical  alloying  due  to 
activization  of  diffusion  and  mass-transfer 
processes  and  solid  phase  reactions.  Using  of 
ultrasonic  vibrations  leads  to  considerable 
decreasing  of  treatment  time  to  obtain  the 
necessary  result  in  compare  with  conventional 
mechanical  alloying  in  planetary  ball  mills. 

In  the  present  paper  the  ultrasonic 
treatment  was  carried  out  in  the  ultrasonic  mill 
designed  in  the  Institute  for  Metal  Physics  that 
consists  of  ultrasonic  generator  (lkWt,  20kHz) 
and  magnitostrictive  transducer.  The  vibration 
amplitude  of  step-like  ultrasonic  bom  tip  was  10 
mm.  Treatment  of  80%Cul3%Ni7%Fe  powder 
mixture  was  conducted  in  container  made  from 
high  carbon  steel  with  steel  balls  filled  by  ethanol 
with  and  without  magnetic  field  (3,5  kA/m). 

X-ray  analysis  was  carried  out  on 
difractometer  DRON-3.0  with  using  Ka  of 
radiation  Fe.  The  field  dependences  of 
magnetization  were  studied  on  ballistic 
magnetometer  at  room  temperature.  Isothermal 
annealing  of  samples  was  carried  out  at 
temperature  873  K  in  an  atmosphere  Ar  during 
various  time  (till  30  hours). 
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Fig.l.  Field  dependences  of  specific 
magneti-zation  in  a  powder  mixture  Cu, 
Ni  and  Fe  in  a  initial  state  and  after 
ultrasonic  treatment  with  following 
annealing  at  873  K  during  different  time. 

Fig.l  demonstrates  the  field  dependences 
of  specific  magnetization  in  a  powder  mixture 
subjected  combined  treatment  (ball  mill  crushing 
+  ultrasonic  treatment)  for  12  hours  and  annealed 
at  873  K  during  various  time.  It  is  shown,  that  at 
small  times  of  annealing  magnetization  is  increase 
sharply,  and  then  at  subsequent  increase  of 
annealing  time  magnetization  decreases  gradually, 
while  magnetization  of  massif  alloy  CuNiFe  with 
analogy  composition  increase  in  all  annealing 
time  intervals  and  achieves  saturation.  The 
comparison  with  the  corresponding  dependences 
for  a  massive  alloy  Cu-Ni-Fe  allows  to  make  the 
following  conclusions.  There  is  a  significant 
acceleration  of  decomposition  process  at  small 
time  of  annealing,  that  can  be  caused  with  high 
density  of  crystal  structure  defects  in  a  mixture 
and  its  energy  high  saturation.  It  is  more  difficulty 
to  explain  reduction  of  magnetization  at  later 
stages  of  decomposition.  Probably,  it  is  connected 
with  that  intensive  mechanical  treatment  results  to 
formation  of  unequilibrium  phase-structural  state 
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in  a  powder.  In  such  conditions  the  appearance  of 
large  quantity  of  a  new  phase  germs  on  defects  of 
a  crystal  structure  is  possible.  And  germ  sizes  can 
be  less  critical  at  approaching  of  system  to  more 
equilibrium  condition.  As  a  result  of  magnetic 
phase  germs  dissolution  corresponding  reduction 
of  magnetization  will  take  place. 
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Fig.2.  Fragments  of  X-ray  patterns  of 
coarce-grained  powder  mixtures  Cu,  Ni  and 
Fe:  1-  initial  state,  2-after  ultrasonic 
treatment  in  alcohol  during  7  h  in  magnetic 
field,  3  -  selfsame  without  magnetic  field 


powder.  If  mechanical  treatment  of  initial 
elementary  powders  is  carried  out  at  the  presence 
of  a  magnetic  field,  the  process  solution  formation 
passes  more  quickly.  The  comparison  x-ray 
pattern  2  and  3  on  fig.  2  demonstrate  it.  It  may 
explain  the  specified  effect  using  idea  of  the 
authors  of  work  [1,  2]  about  reduction  of 
activation  energy  of  atoms  Ni  and  Fe  diffusion  at 
the  presence  of  a  magnetic  field. 

The  results,  received  in  present  work, 
allow  to  make  a  conclusion  about  significant 
acceleration  of  process  solution  formation  in 
powder  mixture  Cu,  Ni  and  Fe,  subjected  to  the 
combined  treatment  in  a  ball  mill  with 
introduction  of  ultrasonic  vibrations  in  the 
working  chamber  and  using  of  a  variable 
magnetic  field. 

Referance: 

1.  D.V.Mironov,  A.V.  Pokoev,  V.  F. 
Mazanko,  Metallofiz.,  20,  No.  6:  62 
(1998)  (in  Russian) 

2.  D.V.Mironov,  A.V.  Pokoev,  V.  F. 

Mazanko,  Metallofiz.,  20,  No. 7:  18 

(1998)  (in  Russian) 


Fig.  2  shown  x-ray  pattern  of  powder 
mixtures  Cu,  Ni  and  Fe  in  an  initial  condition  (x- 
ray  pattern  1)  and  after  ultrasonic  treatment  in  a 
ball  mill  at  the  presence  of  a  variable  magnetic 
field  (x-ray  pattern  2)  and  without  field  (x-ray 
pattern  3).  Comparison  of  these  x-ray  patterns 
with  x-ray  patterns  of  an  initial  mixture  of 
elementary  powders  shows,  that  the  combined 
machining  results  in  reduction  of  intensity  of  lines 
Ni  and  Fe,  broadening  of  all  lines  and  their  mutual 
approachement.  It  indicates  on  formation  of  solid 
solution  of  atoms  Ni  and  Fe  in  copper  and 
increasing  of  defects  density  in  a  composite 
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PECULIARITIES  OF  THE  STRUCTURE  OF  QUASICRYSTALLINE  Al-Cu- 
Fe  COATINGS,  PRODUCED  BY  EBPVD 

Ustinov  A.L(1,2),  Movchan  B.A.(I),  Polischuk  S.S.(2) 

0  international  Center  of  Electron  Beam  Technologies  of  E.  O.  Paton  Electric  Welding  Institute, 

Kyiv  03150,  Ukraine 

(2)G.V.Kurdumov  Institute  for  Metal  Physics,  Kyiv  03142,  Ukraine 


A  set  of  unique  properties,  inherent  to 
materials  with  a  quasicrystalline  structure, 
primarily  such  as  relatively  high  hardness  (about  7 
GPa),  low  coefficient  of  friction,  low  heat 
conductivity,  semi-conductor  dependence  of 
conductivity  on  temperature,  etc.  [1]  open  up  new 
perspectives  in  improvement  of  the  performance  of 
parts,  made  of  these  materials  or  creation  of  a  new 
class  of  coatings,  based  on  quasicrystals.  The  latter 
seems  to  be  the  most  promising.  In  this  connection, 
technologies  of  producing  quasicrystalline 
coatings,  using  the  methods  of  plasma  spraying  [2] 
and  electron  beam  deposition  [3]  were  proposed. 
On  the  other  hand,  several  studies  report  a  low 
quality  of  the  coatings  produced  by  this  process, 
because  of  high  porosity  and  the  presence  of  oxide 
inclusions  [4], 

More  perfect  quasi-crystalline  coatings  are 
formed  by  electron  beam  deposition.  The  proposed 
method,  however,  is  a  two-stage  one  and  envisages 
formation  of  a  microlaminate  condensate  in  the 
first  stage,  consisting  of  layers  of  pure 
components,  and  in  the  second  -  a  long-term  heat 
treatment  of  the  microlaminate  condensate  in 
vacuum,  making  the  process  much  more 
complicated  [3].  In  addition,  coatings  produced  by 
this  procedure  are  thin. 

In  order  to  form  thick  quasicrystalline  coatings 
with  a  perfect  microstructure,  we  developed  a  one- 
stage  technology,  based  on  high-speed  electron 
beam  evaporation  of  an  ingot  of  the  specified 
composition  with  subsequent  vapour  condensation 
on  the  substrate.  It  was  established,  that  at 
substrate  temperature  above  a  certain  critical 
temperature  the  EBPVD  method  can  produce  thick 
(up  to  100  pm)  Al-Cu-Fe  coatings  with  a 
quasicrystalline  structure,  formed  directly  by 
vapour  condensation  on  the  substrate. 

Evaporation  of  ingots  (of  70  mm  diameter)  was 
performed  from  water-cooled  copper  crucibles  in 
the  vacuum  chamber  using  powerful  electron  beam 
guns.  The  deposition  rate  was  varied  in  the  range 
from  8  up  to  200  nm/s  by  changing  the  electron 
beam  gun  power. 

X-ray  diffraction  analysis  of  the  coatings 
formed  at  vapour  condensation  on  stainless  steel 


substrates  at  the  temperature  of  400  -  800  °C, 
showed  that  their  phase  composition  changes 
essentially,  when  the  substrate  temperature  (Ts) 
rises  above  520  °C  (Fig.  1).  The  coating  structure 
is  '  crystalline  below  the  above-mentioned 
temperature,  and  quasicrystalline  above  it. 
Deviation  of  condensate  composition  from  the 
composition  of  A^sO^Fe^  was  accompanied 
by  an  increase  in  the  volume  fraction  of  the  cubic 
phase.  Coating  microhardness  remained  constant 
across  the  thickness  and  was  8.5  to  9.5  GPa. 

X-ray  analysis  of  the  structure  of  condensates, 
produced  under  different  conditions,  demonstrated, 
that  in  a  number  of  cases  changes  were  observed  in 
the  relations  of  the  quasicrystalline  phase  intensity 
peaks.  Considering  the  nature  of  the  produced 
condensate  microstructure,  in  study  [5]  it  was 
supposed  that  such  a  phenomenon  may  be  related 
to  the  presence  of  the  texture. 


20/degrees 

Fig.  1.  Fragments  of  X-ray  diffraction  patterns 
for  Al62.5-Cu25-Fei7.5  coatings  produced  at 
substrate  temperatures  of  505,  520  and  550  °C. 
Co-Ka. 
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Texture  formation  in  quasicrystalline  materials  was 
observed  for  the  first  time  in  Al-Mn  and  Al-Li-Cu 
based  alloys  produced  by  melt  spinning  [6],  In  this 
case  an  axial  texture  of  the  icosahedral  phase  was 
found  along  the  5-fold  axis  direction.  This  work 
presents  the  results  of  the  X-ray  diffraction 
analysis  of  the  texture  using  pole  figures  (PF)  of 
quasicrystalline  coatings  produced  by  electron 
beam  deposition  in  vacuum. 

Analysis  of  the  coating  micostructure  with  SEM 
and  X-ray  analysis  indicate  that  the  all  coatings  are 
characterized  by  the  presence  predominantly  of 
two  phase.  Namely,  coating  matrix  corresponds  to 
quasicrystalline  phase,  while  inclusions  -  to  the 
cubic  B2  phase.  Cubic  phase  inclusions  have  a 
columnar  structure.  The  volume  fraction  of  the 
crystalline  component  is  the  greater,  the  more 
significant  is  the  deviation  of  the  local  composition 
from  the  optimal  one. 

Tabl.  1. 


Tex¬ 

ture 

type 

i-phase 

texture 

Cubic 

phase 

texture 

Coating 

composition 

I 

<2£> 

<1 1 1> 

Al61.2CU26.6Fej2.1 

II 

<2£>+<5fi> 

<111> 

Al58.5Cu26Fe15.5 

<11 3> 

Al57.2CU28.4Fei4.4 

III 

Weak 

texture 

Weak 

texture 

Alg  i  .0CU26.2F  e  j  2.7 

The  study  of  the  texture  of  both  icosahedral 
and  cubic  phases  with  a  texture  diffractometer 
indicate  that  the  distribution  of  pole  density  is  non- 
uniform  for  the  all  condensates.  Axial  textures  of 
both  icosahedral  and  B2-cubic  phase  were 
observed.  The  type  of  the  axial  texture  of 
quasicrystalline  component  correlates  with  the 
texture  type  of  the  crystalline  phase.  By  the  nature 
of  their  distribution,  the  studied  samples  can  be 
divided  into  three  groups,  presented  in  Tabl.  1. 

It  is  known,  that  in  a  number  of  cases  the 
crystalline  and  icosahedral  phases  coexist,  while 
being  in  certain  orientation  relationships  [7-9].  The 


found  relations  between  the  directions  of  the  axial 
texture  of  the  cubic  and  icosahedral  phases 
correlate  with  such  orientation  relations  [7,  9].  The 
following  orientation  relation  between  the 
icosahedral  and  the  cubic  phases  was  the  most 
often  observed:  i2//[l  11]. 

Our  results  and  their  analysis  suggest  that  the 
axial  texture  of  the  quasicrystalline  phase  is  the 
consequence  of  individual  grains  of  the  icosahedral 
phase  nucleating  on  the  crystalline  phase,  and 
being  oriented  in  keeping  with  the  orientation 
relations  between  these  phases.  The  differences 
between  the  obtained  orientations  can  be 
associated  with  the  presence  of  additional 
crystalline  phases  (for  instance,  monoclmic)  in 
some  cases,  as  well  as  with  the  kinetic  factors 
during  deposition. 

Thus,  it  was  found  that  the  method  of  high¬ 
speed  electron  beam  evaporation  enables 
producing  thick  coatings  on  a  quasi-crystalline 
base,  in  which  the  structural  parameters  can  be 
varied  in  a  broad  range,  changing  the  ratio  of  the 
quasicrystalline  and  crystalline  components,  their 
texture,  characteristic  grain  size,  roughness,  etc. 
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MECHANICAL  AND  THERMAL-PHYSICAL  PROPERTIES  OF 
DISPERSIBLE  HARDENED  MATERIALS  ON  THE  BASIS  OF 

POWDER  COPPER 

Kolmogorov  G.L.,  Mokretzov  A.S..  Gorokhov  V.U.,  Ulrikh  T.A. 

Perm  State  Technical  University,  Perm,  Russia 


Possibilities  of  modem  engineering, 
using  copper  alloys  hardened  by  traditional 
alloying  methods,  are  limited  by  their 
comparatively  low  high-temperature  strength. 

Dispersible  hardened  composite  materials 
(DHCM)  on  the  basis  of  powder  copper  of  a 
system  Cu-Ti-C-0  have  a  favorable  combination 
of  thermal-physical  and  mechanical  properties  in 
the  wide  temperatures  range.  Introducing  of 
dispersible  parts  in  small  concentration  into  the 
copper  matrix  provides  increases  of  the 
temperature  threshold  of  recrystallization  under 
conservation  of  high  electric  conductivity  and 
technological  plasticity  of  a  material. 

Hot  extrusion  of  briquetted  blanks 
improves  thermal  stability  and  high-temperature 
strength  of  the  aggregates,  and  also  provides 
increased  wear  resistance,  what  makes  them 
attractive  by  using  as  electrodes  for  resistance 
welding,  current  conducting  tips  for  wire  welding, 


and  also  for  pieces  operating  in  conditions  of 
increased  temperatures  and  mechanical  wear. 

The  paper  contains  methods  and  results  of 
experimental  research  of  mechanical  properties  of 
the  aggregates  of  KM-4  mark  (system  Cu-Al-Ti- 
C-O).  Nowadays  there  is  a  complete  technology 
of  production  of  material  KM-5  of  the  system  Cu- 
Ti-C-O,  having  several  distinctions  from  KM-4. 
Choice  of  the  systems’  elements  is  based  on  the 
use  of  the  effect  of  dispersible  hardening  by 
means  of  the  uniform  distribution  of  hard  phase’s 
parts  in  metal  matrix  preventing  the  dislocations 
movement. 

Fig.  1  illustrates  dependence  of  strength 
limit  aB  and  relative  lengthening  8  of  material 
being  investigated  under  one-axis  tension  in  the 
temperatures’  interval  200  -  800°.  Standard 
cylindrical  samples  were  made  of  the  pressed  rods 
with  a  stretching  coefficient  X  =  19,3. 


200  400  600  /,  C  200  400  600  r,°C 

a  b 

Fig.  1.  Dependence  of  a  strength  limit  (a)  and  relative  lengthening  (b)  on  the 
temperature  of  tests. 


Material  KM-25  at  a  room  temperature  in 
conditions  of  one-axis  stretching  has  rather 
significant  strength  under  low  plasticity 


( 8  =  4% ),  which  decreases  up  to  80%  together 
with  a  temperature  growth  (at  the  temperature 
800°). 
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However,  experimental  result  have  shown 
that  behavior  of  a  material  changes  under  the 
pressure.  The  strength  level  is  rather  high,  but 
plasticity  increases  together  with  a  temperature 
growth  up  to  15%.  Origination  of  cracks  along 
generator  on  the  lateral  area  preceded  the  failure 
process. 

Plastic  properties  of  KM-4  with  low 
values  of  deformation  resistance  are  more 
sensitive  to  the  temperature  changes,  in  the 
interval  20  -  400°  relative  lengthening  reduces 
more  then  to  6  times. 

It  should  noted  that  KM-4  and  KM-25 
keep  carrier  ability  rather  long  time,  since  they 
have  a  descending  branch  in  the  diagram  (Fig.  2). 

Complex  investigation  of  mechanical 
properties  of  the  aggregates  is  complemented  by 
results  of  experimental  research  of  thermal  and 
physical  characteristics.  Result  of  experimental 
research  allowed  to  define  coefficients  of  the  heat 
capacity,  heat  conductivity  and  temperature 
coefficient  of  linear  extension. 

Experiments  have  shown  that  dispersible 
hardened  materials  have  more  complicated 
dependence  of  heat  capacity  (Fig.  3).  Coefficient 

of  linear  extension  KM-4  a  =  1,75  105  1/K  for 
T=295,  is  more  than  for  cooper  (for  cooper 
a  =  1,6*105  1/K  for  T=273  K). 


Fig.  2.  Tension  curves  KM-4.  Figures  of 
curves  correspond  to  the  temperatures,  C° 


Comparing  obtained  results  it  is  possible  to 
say  that  given  materials  have  comparatively  low 
heat  conductivity  coefficient,  heat  coefficient  KM- 
4  is  10  times  less  than  heat  conductivity  of  copper. 
It  is  explained  by  microscopic  porosity  of  sintered 
materials. 

Thus,  thermal -physical  and  mechanical 
characteristics  have  been  defined.  It  will  allow 
more  effective  realization  of  thermal  calculations 
under  solution  of  applied  tasks  for  analysis  of 
thermomechanical  indexes  of  resistance  welding, 
and  also  justified  choice  of  power-force  parameters 
of  blanks  production  from  (DHCM)  and  their 
further  working. 


C,  J/kg.*K 


Fig.  3.  Temperature  dependence  of  copper  heat 
capacity  and  KM-4. 
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SOME  FEATURES  OF  THE  MECHANICAL  ALLOYING  IN  THE  SYSTEMS 

Cu-Bi  AND  Fe-Bi 

Grigorieva  T.F.,  Barinova  A.P.,  Lyakhov  N.Z. 

Institute  of  Solid  State  Chemistry  and  Mechanochemistry  SB  RAS,  Novosibirsk,  Russia 


Mechanical  treatment  of  metals  in  the  presence 
of  liquid  metal  phase  (Mg,  Ga)  is  known  to  cause 
sharp  worsening  of  strength  properties;  thus, 
dispersing  work  (especially  for  plastic  materials) 
decreases  several  hundred  times  [1],  Spreading  of 
liquid  metal  occurs  along  the  boundaries  of  grains 
and  structural  defects  formed  during  plastic 
deformation  [2],  which  prevents  secondary 
aggregation  (recovery  process)  in  plastic  metals. 

In  high-energy  mills  of  the  planetary  type, 
unusually  high  grinding  rates  are  observed  for 
copper,  nickel,  iron,  silver  not  only  in  the  presence 
of  liquid  mercury  and  gallium  but  also  with  higher 
melting  metals,  for  example  indium,  tin,  bismuth. 
Taking  into  account  the  data  obtained  by 
Gerasimov  and  Gusev  [3]  who  demonstrated  that 
the  major  part  of  power  input  in  the  activators  of 
this  type  is  consumed  for  the  heating  of  the  balls, 
especially  at  the  initial  step  of  mechanical  alloying, 
one  can  assume  that  In,  Sn  and  Bi  melt;  activation 
of  higher  melting  metals  (Cu,  Ni,  Fe,  Ag)  occurs  in 
the  presence  of  liquid  metal  phase.  In  order  to 
avoid  the  influence  of  the  formation  of  solid 
solutions  and  intermediate  intermetallic 
compounds,  the  Cu-Bi  and  Fe-Bi  pairs  were 
selected  for  the  investigation  of  dispersing  process 
in  the  liquid  metal  -  solid  metal  systems. 
Enthalpies  of  mixing  in  these  systems,  calculated 
according  to  Miedema,  are  +1.1  and  +7.1  kJ/mol, 
respectively,  at  bismuth  concentration  of  10  at.%. 
According  to  the  equilibrium  diagrams  of  state,  no 
mutual  solubility  of  metals  occurs  in  these  systems 
at  any  temperature.  Substantial  differences  in 
atomic  radii  (more  than  30  %)  allow  one  to  reveal 
even  the  inclusion  of  small  amounts  of  bismuth 
into  copper  or  iron  lattice,  and  to  state  the 
formation  of  non-equilibrium  solid  solution,  which 
would  be  evident  from  the  positions  of  diffraction  . 
reflections.  X-ray  diffraction  investigation  of  the 
products  of  mechanical  alloying  in  the  Cu-Bi 
system  showed  the  decrease  of  the  intensities  of 
basic  reflections  of  bismuth  with  increasing  time  of 
mechanical  treatment,  copper  reflections  exhibiting 
no  shift.  Under  the  activation  conditions  involved 
in  our  studies,  bismuth  reflections  disappear 
practically  completely  within  10  minutes;  copper 
diffraction  patterns  broaden  substantially  without 
changing  their  position. 


Somewhat  longer  time  of  mechanical  alloying 
is  required  for  the  Fe-Bi  system  than  for  the  Cu-Bi 
system  to  achieve  complete  disappearance  of  the 
diffraction  reflections  of  bismuth. 

So,  the  decrease  of  the  intensity  of  diffraction 
reflections  from  bismuth  during  MA  occurs  in  both 
systems  without  the  formation  of  any  metastable 
intermetallic  phases  or  non-equilibrium  solid 
solutions.  Moreover,  the  disappearance  of  bismuth- 
related  reflections  is  not  accompanied  by  the 
formation  of  amorphous  halo  in  X-ray  diffraction 
patterns;  electron  diffraction  does  not  reveal 
bismuth  reflections  in  these  samples,  too. 
According  to  the  data  of  chemical  analysis, 
bismuth  content  of  thee  samples  immediately  after 
MA  is  9.8  mass.%  in  mixture  with  copper,  9.6 
mass.%  in  mixture  with  iron,  bismuth  content  of 
the  initial  mixture  being  10  mass.%  Bi.  Such  a 
behaviour  of  bismuth,  along  with  the  data  on 
wettability  of  copper  and  iron  surface  with 
bismuth,  allows  assuming  rather  reasonably  that 
bismuth  is  transformed  into  the  liquid  (liquid-like) 
state  during  MA;  spreading  over  the  newly  formed 
surfaces  of  the  solid  component  it  gets  adsorbed  on 
them.  Coherent  lengths,  estimated  from  X-ray  data, 
are  estimated  to  be  ~  30  nm  for  copper  and  ~  20 
nm  for  iron.  It  should  be  noted  that  according  to 
high-resolution  electron  microscopic  data  even 
smaller  block  size  is  observed  for  the  Cu-Bi 
system,  though  these  blocks  do  not  have  clear 
boundaries. 
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Introduction 

The  improving  of  technical  characteristics,  the 
providing  world’s  standards  quality  of  metal  goods 
and  the  using  of  resource-  and  energy-saving, 
environmentally  friendly  technologies  of  their 
manufacture  are  the  necessary  conditions  for  native 
machine-building  competitiveness. 

Currently  the  high-speed  development  of 
energy  generating,  nuclear,  chemical  industries  and 
machine  making  sector  and  also  the  increased 
industrial  and  civil  construction  scales  dictate  the 
need  in  new  materials  to  be  developed  which  will 
provide  high  levels  of  working  reliability,  service 
life,  reduced  metal  consumption  of  metal  structures 
to  be  used  both  under  normal  and  extreme 
conditions. 

So,  in  solving  the  above  mentioned  problems 
the  alloy  steels  are  of  great  importance. 
Notwithstanding  the  tendency  of  reducing  the 
share  of  iron-based  alloys  in  overall  volume  of 
structure  materials  according  to  the  experts’ 
forecasts  in  the  nearest  future  it  is  expected  the 
increase  in  share  of  alloy  steels  in  world  metal 
production. 

However,  in  many  cases  the  use  of  alloying 
elements  is  not  economical  and  efficient  because 
they  are  rather  expensive.  Because  the  workability 
and  service  life  of  number  of  metal  products  are 
determined  first  of  all  by  their  working  layer. 
Therefore,  in  the  most  cases  there  is  no  need  in 
alloying  through  the  full  volume  of  the  metal 
part/product. 

Cast  metal  composite  features  and 
advantages 

One  of  the  alternative  solutions  of  the  problem 
of  saving  the  expensive  alloying  materials  and  of 
decreasing  the  cost  price  of  metal  products  shall  be 
the  production  of  the  composites.  Now  the 
producers  of  metal  structures  begin  to  use  the 
composites  filled  with  reinforcing  fibers,  coated 
with  coating  layers,  or  as  passed  the  precipitation 
hardening.  The  most  widely  practiced  are  casting 


methods  and  technologies  for  creation  of  coatings 
of  layer  composites/materials  production. 

Under  proposed  methods  and  materials  of  cast 
composite  creation  the  saving  of  alloying  elements 
is  to  be  obtained  by  means  of  difference  between 
its  contents  in  layers.  The  preset  complex  of 
properties  of  the  composite  is  to  be  ensured  by 
means  of  changes  in  chemical  composition  and 
microstructure  of  layers  and  also  by  high  strength 
and  defect-free  border  formed  between  the  metal 
layers  in  liquid  state. 

The  changes  in  casting  schedule  can  permit  the 
wide  range  variation  of  layer  thickness  and 
composition  which  offers  the  flexibility  of  the 
technology  proposed. 

The  prospects  of  the  method  to  be  proposed  are 
in  the  real  possibility  of  making  differential 
alloying  of  interior  and  surface  layers  which 
ensures  the  considerable  saving  of  alloying 
elements/materials. 

The  advantages  of  the  method  to  be  proposed 
as  to  compare  with  the  other  technologies  are  as 
follows: 

-  easy  realization  and  reliable  obtaining  of  high 
mechanical  and  working  properties  of  rolled 
products  (high  strength,  wear  resistance,  etc.); 

-  acceptability  under  actual  industrial  conditions 
of  metal  production  without  any  additional  capital 
investments; 

-  mobility  and  flexibility  of  the  process. 

Authors  developed  the  number  of  prospective 

multilayer  composite  materials  and  effective 
metallurgical  technologies  that  permit  to  produce 
the  high  qualitative  rolled  metal. 

The  proposed  materials  advantages  are  as 
follows: 

-  possibility  of  creation  of  new  class  of  cast 
layer  materials  (sheets  and  shapes,  rolled 
reinforcing  bars  etc.)  with  different  chemical 
compounds; 

-  differential  approach  to  alloying  the  layers; 

-  possibility  to  control  the  rolled  metal  product 
properties  via  variations  in  layer  composition  and 
thickness. 
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Multilayer  steels  for  exhaust  systems  of 
automobiles 

The  techniques  of  multilayer  sheets 
manufacture  named  "liquid  sandwich”  ensures  to 
create  various  materials  with  different  chemical 
compound,  in  that  number  with  using  chromium 
alloyed  ferrite  steels: 


Alloy 

number 

Chemical  elements  contents*,  wt  % 

C 

Mn 

Si 

Cr 

Ti 

1 

0.08 

0.34 

0.45 

17.8 

0.75 

0.08' 

0.54 

0.41 

13.7 

0.67 

2 

0.08 

0.61 

0.58 

18.1 

0.57 

0.12 

0.64 

0.48 

12.0 

0.34 

This  technique  permits  to  receive  multilayer 
sheets  with  the  improved  complex  of  properties 
and  expands  area  of  ferrite  steels  using  for  exhaust 
systems  of  automobiles. 

Increase  of  the  complex  of  properties  of  details 
and  units  of  exhaust  systems  of  automobiles  from 
multilayer  sheets  both  the  rather  low  technological 
and  operational  expenses  are  the  factors,  which 
promote  expansion  of  area  of  chromium  alloyed 
ferrite  steels  use. 

The  multilayer  steels  have  the  transition 
boundaries  from  surface  layers  to  inner.  It  width 
varies  from  5  to  15  microns  and  has  a  smooth 
changing  of  the  chemical  elements  content  -  iron, 
chromium,  titanium  and  characterises  by  lack  of 
spills  that  is  one  of  main  advantages  of  developed 
method  as  compared  other  known  techniques  of 
composite  manufacture. 

The  smaller  concentration  of  chromium  and  it 
carbides  and  also  lot  of  iron  in  inner  layer  resulted 
to  increasing  of  composite  plastic  properties  in 
whole.  Mechanical  properties  of  cold  rolled 
multilayer  sheets  are  followed: 


lloy 

umb 

r 

heet 

hickness 

mm) 

urface  layer 
hickness 
mm) 

TS 

(MPa 

) 

YP 

(Mpa 

) 

As 

(%) 

1 

1.2 

0.141 

465 

320 

47 

1 

1.2 

0.223 

470 

340 

43 

1 

1.2 

0.249 

470 

335 

42 

2 

1.0 

0.150 

560 

366 

34 

The  sheet  with  such  properties  ensures  the 
large  reliability  of  work  of  articles  in  aggressive 
mediums  and  at  dynamic  loads,  for  example  of 
coaches  for  transportation  of  chemically  active 
substances,  in  motor  -vehicle  construction  industry 
etc.  Multilayer  sheets  from  chromium  alloyed 
ferrite  steels  is  able  to  connect  by  spot  welding  and 
pressure  contact  welding  and  by  shielded  arc 


’  numerator  -  the  surface  layer;  denominator  -  the  inner 
layer; 


welding  with  using  of  consumable  and  permanent 
electrodes. 

Multilayer  steels  for  cultivators 

The  home  cultivators  evoke  the  claim  from 
customers  stipulated  for  low  reliability  and  wear 
resistance  of  rolled  metal.  Such  situation  caused  to 
increasing  the  costs  of  working  the  land  and 
agricultural  products.  The  mastering  of  high 
strength  and  wear  resistant  kind  of  rolled  metal 
pennit  to  reduce  the  fuel  consumption, 
constructions  specific  weight,  forced  standing  idle 
and  service  life  of  agricultural  machines  and 
implements. 

The  base  technological  scheme  of  composite 
ingot  pouring  for  three  layer  steel  manufacture 
with  solid  insert  was  developed  for  condition  of 
metallurgical  works  Dneprospetsstahl  and 
Zaporozhstahl.  The  main  parameters  of  composite 
ingot  component  geometry  and  pouring  in  the 
mould  with  central  flat  solid  insert,  regimes  of 
heating  and  deformation  of  ingots  were  carried  out 
by  authors. 

The  composite  ingot  with  solid  insert  with 
necessary  volume  of  solid  insert  was  manufactured 
in  laboratory.  The  high  carbon  steel  60  was  melted 
in  Tamman  furnace  in  magnesium  crucible.  The 
solid  insert  from  low  carbon  steel  10  was 
immersed  into  crucible  and  after  1-3  minutes 
keeping  of  ingot  at  the  1873  K  temperature  the 
crucible  was  took  out  till  full  cooling. 

The  effectiveness  of  lubricant  for  weldability 
increasing  of  solid  insert  with  melt  was  under 
study:  graphite  mixture  (up  to  30  %  of  graphite), 
coal  varnishes  with  flake  amorphous  graphite 
addition,  bitumen  varnish  and  synthetic  mixtures 
of  eutectic  alloys  of  borax  and  boric  anhydride.  All 
studied  mixtures  promote  to  creation  of  connection 
between  layers  (first  due  to  prevent  of  surface 
oxidation  and  spatter  adhesion),  but  the  graphite 
mixtures  and  bitumen  varnish  were  the  best. 

The  inner  inserts  of  ingot  had  ferrite 
microstructure  (grain  size  6-7)  with  features 
inherent  to  deformed  metal.  The  microstructure  of 
surface  layers  steel  60  was  dendrite  type  created  by 
close  of  two  opposite  directed  fronts  of 
crystallization.  All  laboratory  ingots  had 
satisfactory  metallurgical  quality. 

Conclusion 

Conducted  researches  and  developed  technical 
decision  and  technological  schemes  for  multilayer 
sheet  steel  manufacture  in  conditions  of  home 
metallurgical  works  allow  to  recommend  the 
expansion  of  such  class  of  steels  manufacture. 
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Introduction 

The  article  produces  and  summarizes  some 
results  of  theoretical  and  experimental 
investigations  and  a  practical  solution  of  an 
important  problem  of  creation  principles  of  design 
and  developing  a  cost-effective,  highly  efficient 
technology  for  metallurgical  production  and 
processing  of  composite  steel  ingots  for  making 
advanced  welding  wire  grades  [1-4]. 

Main  reason  for  composite  wire  designing  and 
results  of  researches 

Special  designs  have  been  developed  for  ingots 
with  composite  inserts  varying  in  design  and 
containing  components  that  stabilize  the  welding 
process  and  enhance  the  metallurgical  treatment  of 
the  metal  bath.  The  composite  insert  may  have  a 
sectional  design  enabling  introduction  of  several 
materials. 

Based  on  the  uniform  approach  to  the  welding 
wire  as  the  key  component  of  and  the  major 
feeding  medium  for  the  metal  bath,  rational  ways 
have  been  found  to  ensure  appropriate  effects  of 
the  various  additives  introduced  into  the  composite 
insert  for  purposes  of  microalloying,  deoxidizing 
and  fluxing  on  welding  process  and  composition 
and  properties  of  welds. 

Merits  of  eliminating  the  microalloying 
additions  and  carbon  in  the  steel  bulk  and 
concentrating  them  in  the  composite  insert,  thus 
preventing  any  reactions  in  the  process  of  making 
the  ingot,  are  substantiated  physico-chemically. 
Thermodynamic  calculations  have  confirmed  that, 
in  the  welding  temperature  range,  carbon 
undergoes  oxidation  first,  so  that  good  conditions 
are  established  for  interactions  of  the 
microalloying  elements  with  impurities  in  the 
metal  and/or  for  alloying  reactions  [5,6]. 

Physical  modeling  has  revealed  features  of 
melt  flow  and  solid  growth  in  the  presence  of  a 
central  macro-size  chill  during  solidification  of  a 
composite  ingot  [7]. 

A  method  of  analysis  has  been  developed  and 
mathematical  modeling  carried  out  for 


solidification  of  a  composite  ingot  having  an 
axially  symmetric  central  insert  filled  with 
powdered  materials  [8]  whose  thermal  properties 
have  been  determined  experimentally. 

The  model  adequacy  has  been  supported  by 
close  agreement  between  measured  and 
numerically  calculated  values  of  frozen-on  layer 
thickness  on  composite  insert . 

Table  1.  Frozen-on  layer  thickness  in  real 
composite  metal  and  calculated  by  numerical 
simulation. 


I 

iller 

External  0 
of  CI\  mm 

Frozen-on 

layer  thick- 
♦  ♦ 

ness  ,  mm 

Error, 

% 

EE 

astera 

loy 

100/100 

95/92 

3,2 

102/105 

115/111 

3,5 

108/110 

120/113 

5,8 

r 

erro- 

lloy 

102/105 

115/85 

26 

108/110 

120/109 

9,2 

110/110 

115/109 

5,2 

Forming  of  composite  sections  has  been 
studied  at  the  various  stages  of  working  ingots  to 
thin  wire.  Both  metallic  and  nonmetallic  filler 
powders  in  the  composite  insert  are  shown  to  flow 
congruently  with  the  ingot  bulk  metal. 

An  extensive  program  of  research  into  making 
and  working  composite  ingots  varying  in  their 
compositions  and  applications  has  been  carried 
out.  The  composite  inserts  under  study  contained  a 
great  variety  of  powders,  namely  microalloying 
additions,  such  as  rare  earth  metals,  zirconium, 
titanium,  molybdenum  etc.;  fluxing  and  oxide 
mixes;  and  partial  or  complete  sets  of  alloying 
additives  for  the  respective  wire  grades: 

Figure  1  presents  the  fragment  of 
microstructure  of  zone  of  layer  connection  in 
commercial  composite  square  billet  80  mm  with 
REE  filler  in  composite  insert. 


'  Numerator  -  real  Cl  dimension  and  denominator  - 
value  preset  in  calculation 

**  Numerator  -  real  dimension, denominator  -calculated 
value. 
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Figure  1.  Microstructure  (lOOx)  of  zone  of 
layers  connection  in  commercial  composite  square 
billet  80  mm  (a  -REE  masteralloys,  b  -  insert’s 
shell,  c  -  frosen-on  layer). 

Feasibility  of  making  composite  welding  wire 
based  on  various  types  of  steel  as  well  as  nickel 
alloys  has  been  investigated. 

Aside  from  plain  and  low-alloy  steels  and, 
more  specifically,  the  Sv-08G2  and  Sv-08  grades 
as  the  candidates  for  a  unified  matrix,  the  studies 
involved  high-alloy  and  stainless  steels.  Successful 
tests  have  been  performed  for  making  and 
processing  of  composite  ingots  with  composite 
insert  fillers  of  diverse  powders,  both  metallic,  like 
ferroalloys  and  metals,  and  nonmetallic,  e.g. 
various  oxides  and  carbon.  The  great  potential  of 
the  composite  method  for  introduction  of 
numerous  additives  into  steel  ingots  is 
demonstrated,  thus  enabling  development  of 
advanced  composite  welding  wire  grades  of  a 
variety  of  compositions  for  diversified 
applications,  using  the  ingot  bulk  steel.  The  basic 
considerations  affecting  expediency,  rational 
engineering  and  cost  effectiveness  have  been 
determined  together  with  production  engineering 
limitations  relating  to  composite  insert  geometry 
and  filler  materials. 

Technical  feasibility  of  industrial  production  of 
heavy  composite  ingots  involving  the  Sv-08G2S  or 
Sv-08GS  steel  as  the  unified  matrix  together  with 
rare  earth  ferroalloys  and  zirconium  as 
microalloying  additions  has  been  validated.  This 
approach  offers  great  flexibility  allowing 
manufacture  of  small  lots  of  diverse  wire  grades 
exclusively  through  variation  of  insert  filler 
composition. 

In  a  program  of  qualification  tests  of  REM- 
added  composite  wire,  compliance  of  the  resultant 
welds  to  EN  and  DIN  requirements  has  been 
confirmed  alongside  with  improvements  over 


conventional  wire  grades  currently  in  use  in  the 
European  Union. 

The  high  productivity  of  composite  ingot 
processing  and  conservation  of  ferroalloys  by  their 
introduction  into  an  isolating  composite  insert, 
jointly  with  enhanced  levels  of  properties,  make 
the  composite  welding  wire  a  promising  and 
competitive  material  in  the  markets  of  the 
European  Union  and  the  Commonwealth  of 
Independent  States. 

References 

1.  Stovpchenko  A.P.,  Panin  V.N.,  Steel,  8, 
2000,  p.  63-66. 

2.  Zigalo  I.,  Stovpchenko  A.,  Pavlenko  Yu., 
Gristchenko  Yu.,  Proc.  of  Conf.“Welding 
Science  &  Technology”,  Tatranska  Lomnitca 
Matliare  (Slovakia),  1997. 

3.  Stovpchenko  A.,  Panin  V.,  Polyakov  V., 
Proc.  of  the  Int.  Congress  “Machinebuilding 
technology  MT-01”,  Sofia  (Bulgary),2001. 

4.  Stovpchenko  A.,  Zigalo  I.  Proc.of  the 
ASM  International  European  Conference  on 
Welding  and  Joining  Science  and  Technology, 
Madrid  (Spain).-  1997.-p.407-415. 

5.  Stovpchenko  A.P.,  Panin  V.N.,  Proc.  of  the 
Int.  metallurgy  and  materials  congress  (24-28 
may  2000),  Istanbul  (Turkey):  ITF-CME, 
2000.-v.2.-p.  1223-1230. 

6.  Stovpchenko  A.P.,  Yakovlev  Yu.  N., 
Theory  and  practice  of  metallurgy,  1999,  6, 

p.18-20 

7.  Stovpchenko  A.,  Titova  T.,  La  Revue  de 
Metallurgie  (SF2M-JA99),  1999  (Numero  hors 
serie),  p.136. 

8.  Pavluchenkov  I.,  Stovpchenko  A., 
Minaeva  V.,  Samokhvalov  S.,  La  Revue  de 
Metallurgie  (SF2M-JA99),  1999  (Numero  hors 
serie),  p.138. 

9.  S.  Brodskij,  I.  Pavluchenkov,  A. 
Stovpchenko,  S.  Samochvalov,  S.  Kazakov 
//Simulation,  Designing  and  Control  of 
Foundry  Processes.-Krakow,  Aachen,  Sofia: 
Instutut  Odlewnictwa  Krakow-1999.-p.85-90.- 
1SBN  83-911283-1-8. 


592 


II  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 

NEW  LEVEL  OF  PROPERTIES _ =======!==!=__ 


ELECTRICAL  CONDUCTIVITY  OF  POLYMERIC  FILMS  FILLED  WITH 

NI-CARBON  FIBRES 


Shpilevskava  L.E.,  Safonova  A.M. 

Institute  of  general  and  inorganic  chemistry  NAS  of  Belarus,  Minsk,  Belarus 


It  is  known,  that  the  use  of  carbon  fibres 
for  filling  of  the  polymers  has  a  lot  of  advantages 
in  comparison  with  powdery  (dispersible)  fillers. 
The  essential  lack  of  dispersible  fillers  which  are 
used  for  creation  of  polymeric  electro-conductive 
coats  is  what  for  achievement  of  high  values  of 
electric  conductivity  of  polymer  it  is  necessary  to 
introduce  in  it  plenty  of  filler.  That  essentially 
increases  the  weight  of  the  compositional  coat  and 
makes  worse  its  physical-mechanical  properties. 
The  introduction  of  carbon  fibres  in  to  the  poly¬ 
meric  films  permits  to  lower  considerably  electri¬ 
cal  resistance  of  polymers  at  small  degrees  of 
filling.  It  enables  to  keep  positive  properties  of  the 
polymer  (hardness,  elasticity  and  etc.).  However 
the  resistance  values  of  obtained  compositional 
films  are  much  higher,  than  at  the  use  of  metal 
dispersible  fillers. 

In  IGIC  of  NAS  of  Belarus  the  ways  of 
reception  of  metal-carbon  fibres  containing  the 
particles  of  metal  (Ni,  Co,  Fe)  in  the  structure  of 
fibre  are  developed  and  their  properties  are  inves¬ 
tigated  [1,  2],  The  use  of  these  fibres  for  filling  of 
the  polymers  permits  to  combine  the  positive 
properties  of  carbon  and  metal  fillers. 

At  this  work  the  influence  of  the  additions 
of  Ni-carbon  fibres  (Ni-CF)  on  electrical  conduc¬ 
tivity  of  polymeric  films  on  the  basis  of  polysty¬ 
rene  (PS),  polyvinylcloride  (PVC),  polymethyl¬ 
methacrylate  (PMMA)  and  latex  films  of  butadi- 
enstyrene  (BS)  was  investigated.  It  is  shown,  that 
the  threshold  of  electrical  conductivity  of  poly¬ 


mers  filled  with  Ni-CF  comes  at  smaller  degrees 
of  filling  than  at  the  case  of  the  use  of  high  dis¬ 
persible  carbon  (HDC)  or  carbon  fibres  without 
nickel  (CF).  And  the  achievable  value  of  specific 
electrical  resistance  (pv)  is  on  some  orders  below 
and  is  equal  to  (5-C7) TO 3  Ohm-m  (table  1). 

It  is  established,  that  the  increase  of  aver¬ 
age  length  of  Ni-carbon  fibres  (lav)  used  for  filling 
reduces  essentially  the  value  of  specific  electrical 
resistance  of  received  compositional  films,  this 
especially  has  an  effect  at  small  degrees  of  filling. 
So,  the  use  of  Ni-CF  with  lav  =  3  mm  enables  to 
obtain  the  compositional  films  on  the  basis  of  PS 
and  BS-latex  with  low  pv  -  (3-6)- 10 2  Ohm-m 
even  at  small  degrees  (5  mas.  %.)  of  film  filling. 
At  the  degree  of  filling  17  mas.  %  and  the  change 
of  fibre  length  from  0,1  up  to  3  mm  pv  changes  on 
5  orders  (from  2T02  up  to  7,5-10'3  Ohm-m  for 
PMMA  films  and  from  6 TO3  up  to  3 TO'2  Ohm-m 
for  PVC  films),  that  allows  to  receive  the  compo¬ 
sitional  films  with  different  conductivity  at  one 
degree  of  filling.  The  kind  of  polymer  also  influ¬ 
ences  on  the  value  of  obtained  resistance  (table  2). 
It  is  established,  that  the  threshold  of  conductivity 
in  the  filled  films  of  PS  and  BS-latex  comes  ear¬ 
lier  than  in  the  films  on  the  basis  of  PVC  and 
PMMA  in  all  investigated  interval  of  fibre  length 
(0,1  -  3  mm)  .  The  investigated  compositional 
films  on  the  basis  of  PS,  PMMA  and  BS-latex 
achieve  the  lowest  meanings  of  pv  -  (7,5±1,5)-10' 
Ohm-m  already  at  17  mas.  %  of  filling,  and  on  the 
basis  of  PVC  -  only  after  33  mas.  %  of  filling. 

Table  1 . 


Specific  electrical  resistance  (Ohm-m)  of  compositional  films 
on  the  basis  of  polystyrene  with  different  carbon  fillers 


The  content  of  filler, 
mass.  % 

HDC 

CF, 

Iav  =  0,5  mm 

Ni-CF, 
lav  =  0,5  mm 

5 

104 

1,7-10' 

1,6-10  1 

10 

104 

4,0-10° 

2,2-10'2 

17 

103 

9,2-1 0'! 

7,5-1  O'3 

23 

2,0-102 

2,3-10-' 

7,5-10'3 

28 

Not  moulded 

1,0-10'’ 

7,5-10'3 

33 

Not  moulded 

1,0-10“' 

7,5-1  O'3 

50 

Not  moulded 

1,0-10“' 

7,5-1 0'3 
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Table  2. 

Specific  electrical  resistance  (Ohm-m)  of  compositional  films 
on  the  basis  of  some  polymers  filled  with  Ni-carbon  fibres  of  different  length 


that  the  use  at  such  action  of  a  mix  of  carbon  fi¬ 
bres  with  magnetic  (Ni-CF)  and  nonmagnetic 
(CF)  properties  allows  to  receive  the  polymeric 
films  with  anisotropic  electrical  conductivity, 
which  value  depends  on  the  ratio  of  magnetic  and 
nonmagnetic  fibres  in  the  carbon  filler,  the  degree 
of  filling  and  the  length  of  fibres. 

The  developed  compositional  polymeric 
films  with  Ni-carbon  fibres  can  be  interesting  as 
the  screens  absorbing  or  reflecting  the  electro¬ 
magnetic  radiation. 

Literature 
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At  this  work  the  temperature  influence  on 
the  changing  of  electrical  conductivity  of  the 
filled  films  of  PS  and  PVC  was  investigated.  It  is 
shown,  that  pv  of  these  films  begins  to  change  at 
temperatures  close  to  glass  transition  of  polymer. 
The  temperature  dependence  of  electrical  resis¬ 
tance  of  the  specified  films  decreases  as  the  de¬ 
gree  of  filling  and  average  length  of  fibrous  filler 
increase.  At  the  certain  meanings  of  the  filling 
degree  and  the  fibre  length  of  filler  it  is  possible  to 
receive  the  compositional  films  with  the  constant 
value  of  electrical  resistance  in  an  interval  20  - 
120  °C. 

The  main  feature  of  received  Ni-carbon 
fibres  is  their  magnetic  sensitivity  caused  by  the 
presence  at  their  structure  of  metal  nickel,  having 
magnetic  properties.  In  this  connection  at  this 
work  the  orientation  of  fibres  in  filler  under  the 
action  of  the  stationary  magnetic  field  was  canned 
out  during  the  process  of  film  casting.  It  is  shown, 


594 


II  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 

NEW  LEVEL  OF  PROPERTIES _ _ 


SOLDERING  OF  MELT-TEXTURED  YBCO  USING  Tml23  POWDER 
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The  widespread  use  of  HTS  bulk  materials  is 
restricted  by  the  absence  of  technologies  that 
allow  the  manufacturing  of  high-quality  large  and 
complex-shaped  parts.  The  quality  of  MT-YBCO 
(melt-textured  YBa2Cu307.5-based  mono-  or 
several-domain  ceramics  with  non- 
superconductive  Y2BaCu05  inclusions)  that  is  at 
present  the  most  promising  bulk  material  for 
practical  application  is  defined  by  the  maximum 
of  magnetic  energy,  which  can  be  trapped  in  the 
material.  The  current  load,  that  is  the  product  of 
critical  current  density  and  diameter  of 
superconducting  current  loop,  in  turn,  defines  the 
magnetic  energy.  The  diameter  of 
superconducting  current  loop  is  limited  by  the 
magnetic  domain  size,  which  is  depending  of  the 
crystal  growth  conditions  during  the  melt 
texturing  process.  The  material  quality  is 
decreasing  from  the  seed  (in  the  center)  to  the 
sample  edge.  At  present  the  size  limit  for  a  high 
quality  material  is  about  50  -  60  mm. 

Using  TmBa2Cu307.5  (Tml23)  powder  as  a  solder 
we  can  obtain  junctions  between  bulk 
superconductive  parts  of  MT-YBCO.  The  best 
junctions  were  practically  invisible  under  the 
polarizing  microscope  and  under  SEM  (SEI 
image).  Analyzing  by  SEM  the  COMPO 
(Composition)  image  we  found  out  that  Tm  is 
present  in  a  50  pm  width  layer  along  the  seam. 
The  critical  current  density  (jc)  through  the 
junction  estimated  by  vibrating  sample 
magnetometer  and  using  field  mapping  was  the 
same  as  through  the  MT-YBCO  material.  The 
mechanical  properties  of  junctions,  i.e. 
microhardness  and  banding  stress  were  of  the 
same  level  as  those  of  bulk  material. 

In  order  to  estimate  the  (jc)  through  the  soldered 
seam,  we  have  drilled  rings  (8x4  mm  in  diameters 
and  4  mm  in  height)  from  single-domain  MT- 
YBCO  blocks.  Then  these  rings  have  been  cut 
into  two  pieces  along  the  diameters  (the  width  of 


cut  was  about  0.7  mm)  and  soldered  using  a 
Tml23  powder  under  the  3-4  kg/cm2  pressure  at 
990-1010  °C  with  following  oxygenation  in  a 
separate  process.  The  jc  in  the  soldered  rings 
estimated  from  the  loops  of  magnetization  using  a 
vibrating  sample  magnetometer  (Fig.l)  was  even 
higher  than  that  of  the  uncut  single-domain  rings. 
The  calculated  jc  value  through  the  best-soldered 
seam  in  0  T  field  at  77  K  was  jc— 34  kA/cm2.  The 
observed  increasing  of  jc  through  the  soldered  ring 
by  a  factor  of  1 .5  as  compared  to  the  jc  through  the 
initial  (uncut)  ring  can  be  explained  by  the  fact 
that  during  the  oxygenation  that  followed  the 
soldering  process  the  superconductive  properties 
of  the  MT-YBCO  material  have  been  increased  as 
well.  The  increase  in  jc  through  the  soldered  ring 
have  been  observed  up  to  the  2.5  T  field,  while  in 
the  higher  fields  some  decrease  of  jc  took  place. 

The  results  of  field-mapping  using  Hall  sensors 
gave  us  the  undoubted  proofs  that  the  high  quality 
junction  have  been  obtained  and  are  shown  in 
Fig.2. 

When  we  estimated  the  bending  strength  of  the 
seam  the  breaking  occurred  mainly  through  the 
joined  material,  but  not  through  the  place  of 
soldering.  This  is  the  evidence  of  the  high 
mechanical  properties  of  the  junction. 
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X(mm) 


Y(mm) 


Fig. 2  Trapped-field  map  for  the  MT-YBCO  ring  soldered  with  Tml23. 
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QUANTUM  CHEMICAL  SIMULATION  OF  NEW  HYBRID 
NANOSTRUCTURES:  SMALLER  FULLERENES  C20  AND  C28 
ENCAPSULATED  INTO  BORON-NITROGEN  NANOTUBES 

Ivanovskaya  V.V.,  Sofronov  A.A.,  Enyashin  A.N.,  Makurin  Yu.N.,  Ivanovskii  A.L.(1) 
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The  prospects  of  further  application  of  nanotubes 
(NT)  are  closely  related  with  the  development  of 
methods  of  targeted  modification  of  their 
properties.  In  this  respect,  creation  of  the  so- 
called  hybrid  nanoturbular  structures  formed  by  a 
combination  of  two  (or  several)  different 
nanoobjects  opens  up  interesting  possibilities. 

The  first  representatives  of  such  structures  are  the 
so-called  peapods  consisting  of  Cgo  fullerenes 
intercalated  inside  one-  or  two-layered  carbon 
nanotubes  (C60@C-NT)  [1,  2].  They  can  also  be 
considered  as  unique  composites  combining  two 
allotropic  forms  of  carbon  of  different 
dimensions  (1D+0D):  quasi-one-dimensional 
(ID)  -  nanotubes  and  null-dimensional  (OD)  - 
fullerenes.  We  have  proposed  new  ‘hybryd’ 
nanostructures  involving  III- VI  group  TMs,  viz. 
one-dimensional  crystals(lD- 

M8C12@NT)consisting  of  linear  chains  of 
metallocarboedrenes  located  inside  nanotubes. 
We  studied  their  electronic  properties  using  1D- 
M8C12@(12,0)C,  BN-NTs,  (M-Sc,Ti,V)  as  an 
example.  [3, 4], 

It  was  found  that  carbon  peapods  could  contain 
fullerenes  of  different  dimensions  ranging  from 
C36  to  Ci20.  However  major  attention  until  recently 
was  focused  on  synthesis  methods  and  properties 
of  peapods  with  participation  of  “classical” 
fullerenes  C60.  We  suggest  that  also  the  minimum- 
size  fullerenes  C2o  and  C28  may  be  potential 
molecules-intercalants  in  smaller-diameter  NTs. 
The  electronic  structure  peculiarities  of  the  outer 
shells  of  those  molecules,  in  particular  the 
presence  of  unsaturated  “external”  bonds,  may 
bring  about  their  spontaneous  one-dimensional 
polymerization  with  the  formation  of  a  variety  of 
new  C20-  and  C28-based  nanostructures  (dimers, 
trimers,  various  extended  ’’nanocapsules”  etc.) 
inside  the  tube  (a  peculiar  kind  of  reactor). 

In  the  present  work  we  performed  quantum 
chemical  calculations  of  the  electronic  structure 


and  chemical  bonding  in  hypothetical  hybrid 
nanosystems  containing  the  above-mentioned 
smaller  fullerenes  C20  and  C28  intercalated  into 
one-layer  non-chiral  zigzag  (n,0)  boron-nitrogen 
nanotubes.  The  choice  of  BN— NTs  was 
determined  by  the  circumstance  that  their 
electronic  properties  (in  particular,  the  value  of 
dielectric  gap  AEg)  are  rather  stable  with  respect 
to  the  structural  parameters  of  the  tubes  (diameter, 
chirality),  which  is  significant  for  the  application 
of  BN-NTs  in  nanoelectronics. 
(C20,C28)@(n,0)BN-NT s  were  simulated  using  the 
unit  cells  (Fig.  1)  chosen  for  the  following 
reasons.  In  the  majority  of  synthesized  carbon 
peapods,  the  distances  between  C60  and  NT  walls 
are  close  to  the  so-called  Van  der  Waals  gap 
(interlayer  distance  in  graphite  or  hexagonal  BN), 
as  well  as  to  the  distances  between  fullerenes  in 
molecular  fullerite  crystals  or  between  adjoining 
coaxial  cylinders  in  multi-layer  NTs.  Therefore 
the  first  objects  (C2O@(13,0)BN-NT)  were 
modeled  by  a  124-atomic  cell,  in  which  fullerene- 
NT  distances  and  distances  between  fullerenes 
approximated  that  value  (0.311  nm).  Another 
characteristic  distance  is  covalent  C-C  (B-N)  bond 
length  in  layers  of  graphite-like  phases  or  between 
neighboring  atoms  in  fullerenes  or  NT  walls, 
which  is  ~  0.142  nm.  Hybrid  nanostructures  with 
the  corresponding  fuilerene-NT  and  fullerene- 
fullerene  distances  were  described  by  92-  and 
108-atomic  cells.  In  all  the  calculations,  fullerene 
and  NT  structures  were  assumed  unchanged.  The 
calculations  were  performed  using  the  tight- 
binding  band  method  with  matrix  element 
parameterization  according  to  EHT. 

The  electronic  properties  and  interatomic  bonds  in 
those  nanostructures  were  analyzed  as  a  function 
of  (1)  fullerene  type,  (2)  distances  between 
fullerenes  in  the  chain  and  between  fullerenes  and 
NT  walls.  As  an  example,  the  electronic  spectrum 
density  of  states  is  shown  in  Fig.2.  for  the  C20- 
chain,  ‘pure’  (9,0)BN-NT,  adsorbtion  system 
C20+(9,0)BN-NT  and  for  C20@(9,0)BN-NT.  The 
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electronic  characteristics  of  the  hybrid 
nanostructures  were  compared  with  those  of  (1) 
“isolated”  fullerenes  and  nanotubcs  and  (2) 
(C20,C28)+NT  systems  simulating  the  adsorption 
of  fullerenes  on  the  tube  surface  as  an  initial  stage 
of  (C20,C28)@NT  formation. 

I 


Fig.  1  .Unit  cells  of  C20@(9,0)BN-NT  and  their 
configurations(I-IV). 

In  conclusion  it  may  be  said  that  the  electronic 
properties  of  the  considered  peapods  can  be 
efficiently  controlled  by  varying  the  chemical 
composition  of  intercalated  cell  nanoclusters.  In 
this  connection  peapods  containing  familiar 
endohedral  complexes  based  on  the  smaller 
fullerene  C28,  viz.  endofullerenes  M@C28  (M  = 
Sc,  Ti,  Zr,  Hf),  become  interesting  objects  for 
further  investigations.  We  suggest  that  the 


intercalation  of  those  endocomplexes  inside  NTs 
may  provide  possibilities  for  creating  unique 
nanotubular  materials  with  participation  of  III-V 
group  iZ-metal  atoms.  The  calculations  of  model 
M@C28@(n,0)C,BN-NT  nanostructures  are 
currently  under  way. 

MflC,  oTH.efl. 


and  C20@(9,0)BN-NT. 
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The  mechanism  of  gas  distribution  is  one 
of  the  most  crucial  organs  of  an  engine,  since  it 
ensures  a  strictly  defined  sequence  and  given 
duration  of  processes  lasting  of  an  admission 
intake  of  fuel  and  issue  of  products  of  its 
combustion  (gases)  in  a  duty  cycle  of  an  engine. 

The  following  figure  illustrates  the  typical 
construction  of  the  gas  distribution  mechanism 
with  inlet  valve  1  and  exhaust  valve  2  used  in 
automobile,  tractor  and  other  types  of  engines. 


Fig.  Drive  of  two  rows  of  valves  by  two 
disrtibuting  shafts:  1  -  an  inlet  valve;  2  -  an 
exhaust  valve  ;  3  -  valve  guides;  4  -  valve 
seats;  5  -  disrtibuting  shafts;  6  -  springs. 

Major  parts  of  the  gas  distribution 
mechanism  are  also  their  valve  guides  3  and  seats 
4  apart  from  the  valves  themselves.  The 
temperature  of  a  seat  in  a  zone  of  its  contact  with 
the  head  of  the  valve  can  make  up  over  900  °C  in 


powerful  high-speed  engines.  The  temperature  on 
height  of  a  valve  guide  in  a  direction  from  the  head 
of  the  valve  is  reduced,  but  its  maximum  value  can 
reach  700°C. 

At  a  reciprocation  of  the  valve  the  guide  is 
exposed  to  a  mechanical  wear,  and  the  seat  besides 
undergoes  crushing  powerful  shock  loads. 

It  is  necessary  to  add,  that  these  parts  work 
under  the  conditions  of  a  hostile  environment  - 
gases  driven  at  the  speed  of  400... 600  m/s,  heated 
up  to  730...1200°C. 

The  above-stated  working  conditions  of 
valve  guides  and  valve  seats  require  the  application 
of  heat  resistance  and  heat  and  wear-resistant 
materials  for  their  manufacture,  which  also  should 
endure  effect  of  the  hostile  environment.  These 
materials  are  supposed  to  cause  the  valve  itself 
minimal  wear  at  that. 

Due  to  the  fact  that  all  standard  bronzes 
and  brasses  available  have  a  lower  recrystalliza¬ 
tion  temperature,  than  the  heating  temperature  of 
valve  guides  and  valve  seats,  they  can  not  work 
steadily  in  engines,  especially  under  high-speed 
and  augmented  operating  conditions. 

To  meet  these  requirements  there  were 
developed  two  new  Oxide  and  Carbide  Dispersion 
Strengthened  composit  materials  on  a  copper 
powder  base  (OCDS-Copper)  of  DISCOM®  Trade 
Mark:  C  0/94  (for  valve  guides)  and  C  3/03  (for 
valve  seats)  by  TECHMA  Co.,  Ltd. 

Material  C  0/94  of  Cu  -  A1  -  C  -  O  system 
in  a  final  state  represents  a  copper  matrix,  in  which 
ultra-dispersible  (0,03  . . .  0,04  pm)  particles  of  y  - 
A1203  and  residual  carbon  are  evenly  distributed. 

Material  C  3/03  of  Cu  -  A1  -  Ti  -  C  -  O 
system  in  a  final  state  represents  a  copper  matrix, 
in  which  ultra  dispersible  (0,02... 0,03  pm) 
particles  of  y  -  A1203  and  TiC,  and  also  residual 
carbon  are  evenly  distributed.  The  materials  have 
subgrain  structure,  that  testifies  to  absence  of  a 
recrystallization  of  alloyed  copper  at  hot 
(870...900°C)  extrusion  of  its  granules  into  a  bar 
or  a  tube. 
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The  above  materials  have  the  following 
basic  physical  and  mechanical  properties  stated  in 
the  table. 


Table 


Technical  characteristics 

Type  of 
OCDS-Copper 

C  0/94 

C  3/03 

1 

2 

3 

Melting  temperature,  °C 

1080 

1080 

Recrystallization  temperature, 
°C 

1000 

1000 

Factor  of  linear  thennal 
spreading,  x  106 1/°C: 

-at  20...100°C 
-at  100...200°C 
-at  200,..300°C 

-  at  300.  ,.400°C 
-at  400...500°C 

-  at  500...600°C 
-at  600...700°C 
-at  20...300°C 

17,0 

18,8 

22.5 

24.7 

23.8 
22,4 

22.6 
19,6 

15,0 

19,1 

22,6 

25,4 

21.7 
22,6 

23.7 
19,3 

Brinell  hardness  HB  5/750/30 

230 

258 

Ultimate  tensile  strength, 

MPa: 

-at  25°C 
-  at  200°C 

770 

328 

931 

562 

Relative  elongation, %: 

-  at  25°C 

-  at  200°C 

2,0 

2,5 

2.3 

7.3 

A  ultimate  strength  at 
compression,  MPa: 

-  in  a  longitudinal  direction 

-  in  a  transversal  direction 

1022 

1062 

1092 

1117 

Relative  settling  up  to  a 
compression  fracture,  %: 

-  in  a  longitudinal  direction 

-  in  a  transversal  direction 

30 

28 

24 

15 

The  module  of  normal 
elasticity,  GPa 

110 

92 

Shear  modulus,  GPa 

39,6 

43,0 

Ultimate  cut  strength,  Mpa 

529 

563 

The  above  features  of  materials  structure 
and  also  presence  in  them  of  ultra-dispersible  free 
carbon  in  an  amount  0.69. ..0,73  %  mass,  with  the 


above-stated  physical  and  mechanical  properties 
combined  have  ensured  to  these  materials  good 
operation  properties  at  that. 

So,  at  operation  of  valve  guides  made  of 
OCDS-Copper  DISCOM®  C  0/94  together  with 
exhaust  valves  having  ion-nitrogen  rods,  the 
average  weight  wear  of  these  guides  is  in  2,6  times 
lower,  than  that  of  valve  guides  made  of  gray  iron 
Ghl051,  used  in  FIAT  engines.  The  wear  of  the 
valves  themselves  became  2,75  times  less. 

The  wear-resistance  factor  of  valve  guides 
made  of  OCDS-Copper  DISCOM®  C  0/94 
exceeds  the  wear-resistance  factor  of  guides  made 
of  bronze  CuNi2Si  F65  DIN  17666,  used  in 
engines  produced  by  MOTOREN  -  und 
TURBIENEN  UNION  Friedrichshafen  G.m.b.H. 
and  PORSCHE  AG  in  17  times. 

The  wear-resistance  factor  of  the  interface 
between  a  guide  made  of  OCDS-Copper  C  0/94 
and  valve  manufactured  of  a  valve  steel  and 
chromium-plated,  is  21  times  higher,  than  this 
parameter  for  a  similar  pair,  in  which  the  guide  is 
manufactured  of  the  specified  bronze. 

The  materials  of  DISCOM®  Trade  Mark 
are  made  according  to  Specifications  TU  1479- 
GO  1-1 30928 19-99,  registered  by  State  Standard  of 
Russia  under  No.  001871,  using  the  technique 
mechanical  and  chemical  activation  of  the  original 
powder  mixture  in  attritors  and  consequent  hot 
extrusion  of  the  granulate  obtained. 

These  materials  are  manufactured  as  hot 
extruded  rods  and  tubes,  from  which  blank  parts 
(with  a  hole  or  without  it)  for  valve  guides  with 
diameter  from  11  up  to  20  mm  and  valve  seats  with 
an  external  diameter  from  30  up  to  45  mm  are 
made  by  means  of  machining. 

The  consumers  of  the  specified  production 
are  JSC  Zavolzhsky  Engine  Plant,  where  it  is  used 
in  16- valve  diesel  and  petrol  engines  of  a  new 
generation,  JSC  DIESELPROM,  which  uses  it  to 
complete  German  powerful  diesel  engines 
8V396EC4  made  by  MTU,  and  also  car 
manufacturing  works  in  Tolyatti  (JSC  AvtoVAZ), 
car  manufacturing  works  in  Ulyanovsk  (JSC 
UAZ),  car  manufacturing  works  in  Nizhni 
Novgorod  (JSC  GAZ),  which  have  been  using 
valve  guides  and  valve  seats  made  of  these 
materials  to  complete  their  high-speed  augmented 
engines  of  sports  automobiles. 

Providing  its  own  machining  facilities 
equipped  with  high-performance  CNC  machine 
tools,  TECHMA  Co.,  Ltd  is  able  to  supply  not  only 
werkpieces  for  valve  guides  and  valve  seats,  but 
also  ready-made  valve  guides  and  valve  seats  to 
motor-building  enterprises. 
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As  analysis  of  compositions  and  properties  of  best 
titanium  alloys  shows,  the  potential  of  their  solid- 
solution  strengthening  is  practically  exhausted 
[1],  Oxide  or  carbide  strengthening  is  among  the 
mostly  frequent  types  of  traditional  dispersion 
strengthening  of  metals  by  intercalation  phases 
(oxides,  carbides,  nitrides,  borides).  However,  for 
titanium,  the  oxide  (and  nitride)  strengthening  is 
not  efficient  because  of  high  solubility  of  oxygen 
(and  nitrogen)  in  titanium  that  causes  a  drastic 
brittleness  of  alloys.  On  the  other  hand,  boron  and 
carbon  are  low-soluble  in  titanium  (<0.05  %B, 
0.5  %  C)  and  form  eutectics  that  comprises  a- 
solid  solution  and  particles  of  refractory  boride, 
TiB2  or  carbide,  TiC  [2].  Under  such  conditions, 
according  to  existing  understandings,  boride  and 
carbide  strengthening  may  have  potential  for 
improving  the  refractoriness  of  titanium  alloys 
[3] .  Examples  of  successful  application  of  boride 
strengthening  of  powder  material,  XDTiAl  are 
known,  as  well  as  the  carbide-boride 
strengthening  of  Ti-6A!-4V  cast  alloy  [5]. 

This  work  has  as  objective  the  study  of 
microstructure  and  mechanical  characteristics  of 
T-B  cast  alloys  needed  to  evaluate  their  potential 
when  development  of  new  refractory  titanium 
alloys. 

The  Ti-B  alloys  under  investigation  were  cast  by 
the  vacuum  arc  melting.  The  alloys  were  iodide 
titanium  and  cast  TiB2.  Ingot  weighed  80  to  100 
g,  of  80  mm  in  length  and  15  mm  in  diameter. 
Mechanical  characteristics  were  measured  in 
tensile  tests  at  room  temperature.  The  working 
portion  of  specimen  was  Lq=  1 5  mm,  diameter  of 
3  mm.  Refractory  testing  was  made  by  one  of 
accelerated  methods,  i.e.  long-term  hardness 
(value  of  hardness  after  1  hour  of  holding  under 
loading)  [3]. 

The  structure  of  alloys  was  investigated  by- 
methods  of  optica!  metallography  and  X-ray 
analysis.  The  structure  of  alloys  was  found  to 
consist  of  a-solid  solution  and  acilular 


precipitates  of  TiB  boride.  Sizes  of  boride 
particles  were  naturally  enlarged  with  higher 
boron  concentration,  reaching  0.3  to  0.5  mm  in 
the  after-eutectic  composition  (3.5  wt  %B). 


Fig.  1.  Mechanical  characteristics  of  Ti-B  cast 
alloys  in  their  initial  (•  °'^  )  anc^  annealed 

(A AY  )  states. 

The  Ti-B  cast  alloys  were  tensile-tested  both  in 
original  state  and  in  so  called  «equilibrating» 
vacuum  annealing  at  800  °C  for  2  hours.  The 
alloy  strength  (  aB]  G  o,l  )  is  seen  (Fig.  0  to 
increase  in  monotone  way  with  higher  boron 
concentrations  and  exhibits  maximum  values  at  1 
to  2  %B,  which  is  suggested  to  be  an  optimum 
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ADVANCED  NANOSTRUCTURED  MATERIALS  BASED  InN  FILMS: 
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Group  Ill-nitrides  like  AIN,  GaN  and  InN  are  a 
new  generation  of  wide  band  semiconductors  with 
unique  physical  and  chemical  properties  suitable 
for  using  in  high-power  and  high-temperature 
microelectronics  and  photonics  (e.g.  bright  light 
emitting  diodes,  laser  diodes,  UV  detectors  and 
high  efficiency  solar  cells).  The  development  of 
low  temperature  growth  methods  has  resulted  in 
remarkable  improvements  in  the  structural, 
electrical  and  optical  properties  of  these 
compounds.  As  well  known,  that  in  the  nitride 
series  InN  film  material  is  a  most  preferable 
candidate  for  potential  applications  in 
photovoltaic,  photochromic  and  sensor  devices. 
Thus,  some  fabrication  details,  plus  basic 
structural  and  optical  properties  of  low 
temperature  plasma  enhanced  reactively  sputtered 
(LTPERS)  InN  nanostructured  layers  are  reported. 
RHEED  and  AFM  studies  of  the  natural  surface 
morphology  of  InN  polycrystalline  films  were 
performed.  Optical  absorption  and  reflectance 
spectra  of  InN  textured  films  were  taken  to 
reproduce  accurately  dielectric  function  as  well  as 
to  determine  optical  effective  mass  of  electrons 
and  the  direct  band  gap  energy  (2.03  eV).  Some 
TO  (485  cm"1)  and  LO  (585  cm'1)  phonon  features 
of  indium  nitride  polycrystalline  films  in  the  NIR 
and  Raman  spectra  are  observed  and  discussed. 
The  attractive  possibilities  of  InN  layers  as  top 
coatings  of  InN/Si  tandem  heterojunctions  for 
potential  application  in  PV  devices  including  high 
efficiency  solar  cells  are  confirmed. 

Over  the  last  ten  years,  physical  properties  of 
InN  thin  films  obtained  by  different  methods  have 
been  studied  in  numerous  works  [1-8]  including 
ones  of  the  author.  However,  optical  and  electrical 
parameters,  such  as  dielectric  and  optical 
constants,  energy  gap,  effective  mass  of  carriers 
as  well  as  phonon  wavenumbers  await  for  further 
more  accurate  definition.  A  lack  of  single  crystal 
samples  explains  the  situation  regarding  the  above 
data.  No  structural  or  thermal  properties  of  InN 
have  been  studied  for  epitaxial  films  on  lattice- 
matched  substrates.  For  this  reason,  the  paper 
presents  original  structural  and  optical  data 
obtained  for  InN  polycrystalline  nanostructured 
films  synthesized  previously  and  recently  by 
LTPERS  [6-8].  It  also  offers  to  use  the  potentional 


possibilities  of  InN/Si  heterojunctions  in  PV 
devices,  including  high  efficiency  solar  cells. 

Inasmuch  as  a  dissociation  temperature  of  InN 
films  is  about  650°C  [2],  therefore  the  low 
temperature  growth  technique  is  required.  In  our 
case,  LTPERS  equipment  to  synthesize  InN  thin 
films  was  used.  Intensive  Ti-wire  evaporation, 
applied  as  getter,  was  carried  out  during  all  time 
of  deposition  process  to  reduce  oxygen 
contamination  inside  of  the  reactor  and  in  the 
growing  films  as  well.  High  quality  smooth 
surfaced  Si,  quartz,  fluorite  and  compound 
ceramics  were  used  as  substrates.  During  film 
growth,  the  substrate  temperature  was  about 
350°C,  due  to  intensive  ion  bombardment  of  the 
top  electrode  (anode)  during  sputtering  process. 
Film  thickness  varied  in  the  range  100-2000  nm. 
To  determine  the  chemical  composition  of  the 
sputtered  InN  films  Auger  spectrometer  (JAMP- 
10)  was  used.  The  surface  morphology  and  the 
microstructure  of  a  cross-section  of  the  films  were 
investigated  using  Philips  SEM5V  scanning 
electron  microscope  plus  standard  atomic  force 
microscope  (AFM)  equipment.  The  crystalline 
structure  parameters  of  the  sputtered  films  were 
determined  using  an  X-ray  diffractometer 
(DRON-3)  employing  Cu(ka)  radiation,  and  also 
by  means  of  the  electronograph  EG- 100a. 
Reflectance  and  transmittance  measurements  in 
visible  and  NIR  regions  (25000-200  cm'1)  were 
carried  out  using  a  Bruker  IFS-66  Fourier 
transform  spectrometer  (FTIR)  and  Carl  Zeiss 
M40  grating  spectrometer,  respectively.  A  Raman 
spectrometer  Dilor  XY  equipped  with  microscope, 
was  used  to  study  the  phonon  spectra  of  the 
nitride  films. 

X-ray  diffraction  patterns  of  a-InN  (wurtzite) 
layers  deposited  on  ceramic  substrates 
demonstrate  a  very  strong  diffraction  peak 
corresponding  to  the  InN  (002)  plane.  This 
suggests  a  textured  crystalline  structure  of 
deposited  layers,  where  the  c  axis  is  perpendicular 
to  the  plane  of  substrate.  The  same  result  was 
obtained  from  study  of  the  AFM  image  of  InN 
layer  on  ceramics  (Fig.  1).  These  results  plus  an 
Auger-investigation,  show  that  no  outsider  phases 
except  InN  one  were  presented  in  the  films.  Some 
off-stoichiometric  In/N  ratio,  with  an  abundance 
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Figure  I .  AFM  image  of  InN  layer  on  ceramics. 

of  In  inside  nitride  films  was  caused  by  nitrogen 
vacancies.  They  were  revealed  in  the  films  that, 
probably,  leading  to  amorphous  indium  oxide 
partially  forming  (bound  oxygen).  Moreover, 
other  inactive  oxygen  molecules  are  incorporated' 
in  voids  between  the  InN  grains. 

Further  transmittance  and  reflectance  spectra 
in  visible  range  wore  taken  to  determine  the  band 
gap  energy  of  InN  thin  films  on  CaF:,  (fluorite) 
substrates.  In  this  procedure  the  gap  energy  was 
derived  from  absorption  coefficient  spectrum  of 
InN  layer  and  yielded  Eg  =  2.03  eV  which  is  very 
close  to  earlier  value  [0],  Moreover,  the  PDS 
method  was  used  to  explore  some  peculiarities  in 
the  free  carriers  absorption  spectra  for  InN 
polycrystalline  films  deposited  on  different 
substrates.  In  order  to  obtain  the  necessary 
information  about  phonon  features  of  InN  films  as 
well  as  to  determine  precisely  some  optical 
parameters  the  Dmde-I.orentz  formalism  was 
used  for  dielectric  function  modeling  procedure  to 
reflectance  spectra  from  both  InN  films  surface 
and  bare  fluorite  substrate.  Final  result  shown  a 
good  agreement  between  experimental  data  an'd 
the  calculated  curve  [7].  Also,  in  our  opinion,  the 
reflectance  peaks  at  485  and  590  cm'1, 

respectively,  are  connected  with  TO  and  TO 
vibration  modes  of  indium  nitride  [3-5].  An 
identical  result  was  obtained  from  a  study  of 
Raman  spectra  for  InN  textured  films  (>1  pm 
thickness)  on  ceramics.  The  broadening  of  the 
peak  at  4S5  cm'1  in  the  Raman  speclra  of  nitride 
layer  is  very  close  to  that  observed  in  the 
reflectance  spectra.  However,  because  of  the 
imperfect  crystalline  structure  of  our  samples,  wc 
can  observe  only  two  optical  phonon  modes: 
Ej(TO)  at  480  cm'1  and  A](LO)  at  585  cm'1.  For 
this  reason,  it  was  also  difficult  to  find  the  main 
TO  phonon  mode  at  694  cm'1,  as  predicted  by 
Osamura  cl  al.  [4], 


In  order  to  estimate  potential  possibilities  of 
InN  film  material  for  solar  cell  fabrication,  some 
theoretical  and  practical  considerations  were  used. 
To  achieve  an  optimum  power  conversion 
efficiency  n  for  solar  cells  based  on  an  InN  11- 
layer  (emitter)  and  p-Si  (base),  large  a(E). 
minority  carrier  lifetime  t,  diffusion  length  L  (at 
least  a.E>3  for  front  side  illumination)  and  surface 
recombination  velocity  S  have  to  be  combined. 
This  can  be  achieved  under  compromise  condition 
of  optimum  band  gaps  E„  (~1 .0  and  2.0  eV)  for  an 
efficient  tandem  system  consisting  of  several 
stacked  single  cells  between  a  large  Isc  or  Vor  f  I], 
Summarizing,  an  appropriate  solar  cell  base 
material  should  exhibit  a  proper  energy  gap  and  a 
strong  absorption  (ahlN  >104  cm'1)  adjusted  to  the 
solar  spectrum,  a  dopability  by  carriers  featuring 
high  mobilities  and  long  lifetimes.  Another 
important  advantage  of  an  InN/Si  heterojunction 
in  future  solar  cells  is  a  protective  function 
including  protection  from  radiation  using  the 
absorptive  InN  layer  as  a  top  coating.  The  existing 
problem  of  heteroepitaxy  of  InN  films  on  Si  will 
be  resolved  by  research  into  an  appropriate  buffer 
layer  (e.g.  AIN  thin  layer)  on  InN-Si  interface,  to 
match  the  lattice  periods  and  improve  of  the 
heterojunction  operating  parameters  (fig. 2).  The 
fabrication  of  high  quality  heterojunctions  based 
InN/Si  is  also  of  great  importance  for 
manufacturing  of  high  efficiency  solar  cells. 


Figure  2.  Layer  structure  of  an  InN/Si  solar  cell 
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In  engineering  and  metallurgical  industries, 
machine  parts  often  work  in  conditions  where  in¬ 
tensive  abrasive  wear  occurs. 

Over  the  past  years,  a  lot  of  studies  concerning 
various  composites  have  been  done.  It  has  been 
shown  that  composites  of  metal  matrix  reinforced 
with  particulate  made  of  tungsten  and  chromium- 
titanium  carbides  have  specific  resistance  to  wear. 
However,  the  control  of  the  interfaces  has  become 
more  critical  as  its  effect  on  the  wear  resistance  of 
the  composites  has  been  revealed.  It  has  been  es¬ 
tablished  that  some  metal  matrices  (e.g.  copper- 
base  alloys)  are  too  weak  to  support  the  carbides. 
Besides,  the  reaction  between  matrix  and  particles 
should  be  controlled  by  the  proper  selection  of 
composite  constituents  for  achieving  high  per¬ 
formance. 

In  this  abstract,  a  new  Fe-B-C  eutectic  matrix 
reinforced  with  W-3.5C  or  Cr-20T-10C  particles 
has  been  studied  for  use  in  place  of  the  traditional 
copper-base  matrices. 

The  metal  matrix  composites  were  fabricated 
by  infiltrating  the  particulate  by  Fe-B-C  eutectic 
alloy  at  1130°C  to  1200°C  for  30  to  60  mins.  The 
used  particulate  had  irregular  shape  and  was  about 
0.5  to  2.0  mm  in  size.  Optical  and  scanning  elec¬ 
tron  microscopy  and  X-ray  microanalysis  were 
employed  to  investigate  the  specimens. 

Wear  tests  were  earned  out  using  a  tester  in 
which  specimens  were  fixed  with  certain  angles. 
Quartz  sand  particles  impacted  specimens  at  an 
angle  of  45°.  For  each  period  the  measured  erodent 
quantity  was  6  kg.  Not  less  than  four  tests  of  35 
mins  each  were  run  in  ambient  air  (60-pct  humid¬ 
ity,  room  temperature).  Specimens  were  tested 
against  the  composite  material  composed  of  the  W- 
3.5C  reinforcement  and  Cu-20Ni-20Mn  binder. 

The  microstructures  of  the  composite  materials 
under  investigation  consist  of  reinforcing  particles 
distributed  uniformly  in  the  iron-base  matrix.  The 
volume  percentage  of  the  particulate  in  the  com¬ 
posites  reaches  55  pet  to  65  pet. 

The  W-3.5C  reinforcing  particles  are  distrib¬ 
uted  in  the  a-Fe3(C,B)  eutectic  matrix  alloyed  with 
tungsten.  A  shell  consisting  of  the  WC  and 
Fe3W3C  carbides  is  observed  around  each  particle 
(fig.  1,  a). 

When  raising  the  temperature  and  prolonging 
the  holding  time  during  infiltration  up  to  1170°C 


and  60  mins,  respectively,  new  microconstituents 
appear  near  the  particle/matrix  interface  (fig  1,  b). 
They  have  two-phase  non-uniform  structure  which 
is  a  result  of  a  solid  state  transformation.  Morphol¬ 
ogy,  microhardness  (Hp=2.7±0.5GPa),  and  mean 
chemical  composition  allow  to  identify  this  phase 
as  austenite  alloyed  with  tungsten. 


Fig.l  Microstructure  of  W-3.5C  particulate  com¬ 
posites  infiltrated:  a  -  at  1 1 50°C  for  30  mins,  x 
800;  b  -  at  1200°C  for  45  mins,  x  800 

The  Cr-20Ti-10C  carbide  exhibits  two-phase 
structure  consisting  of  dark  primary  crystals  of 
(Tio.5Cro.5)3C  and  light  crystals  of  (Cr0.95Tio.os)7C3 
(fig.2,  a).  After  infiltration  by  Fe-B-C  eutectic  al¬ 
loy  the  structure  of  the  composites  displays  the 
formation  of  interfacial  zones  between  the  carbide 
and  the  matrix  which  vary  in  width  from  50pm  to 
250pm.  The  interfacial  zones  produced  as  a  result 
of  the  contact  interaction  consist  of  (Cr,Ti)7C3  and 
(Ti,Cr)3C  embedded  in  the  a-Fe3(C,B)  eutectic 
alloyed  with  Cr  and  Ti  (fig.  2,  b).  The  microhard¬ 
ness  of  the  eutectics  is  8.5  GPa. 


Fig.  2  Microstructure  of  Cr-20Ti-10C  and  interfa¬ 
cial  zone  Cr-20Ti-10C/Fe-B-C,  x200 


At  higher  infiltrating  temperatures  and  longer 
holding  times  the  formation  of  (Cr,Ti)7C3  can  be 
accelerated.  The  width  of  the  interfacial  zones  in¬ 
creases. 
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The  results  of  determination  of  wear  resistance 
of  the  investigated  composite  materials  are  given 
in  Table. 

Table 

Coefficients  of  relative  wear  resistance  (s)  of 
the  composites  with  Fe-B-C  eutectic  binder 


Infiltration  parameters 

e,  units 

Particulate 

T,  °C 

i,  mins 

W-C 

Cr-Ti-C 

1130 

40 

1.45±0.32 

0.7810.54 

1150 

30 

1.47±0.22 

0.8910.36 

1150 

40 

1.5110.43 

1.03+0.46 

1150 

50 

2.0010.17 

0.9710.21 

1150 

60 

1.9410.28 

0.9810.12 

1150 

90 

1.8610.14 

0.85+0.26 

1160 

40 

2.0310.51 

1.1210.16 

1170 

60 

1.9210.47 

0.9010.41 

1190 

60 

1.7310.72 

0.8210.22 

1200 

60 

1.61+0.58 

0.7510.04 

First,  coefficient  of  relative  wear  resistance  (s) 
increases  with  increasing  temperature  and  duration 
of  infiltration,  and,  then,  decrease.  Maximum  wear 
resistance  show  the  composites  infiltrated  at 
1 150  °C  to  1 160°C  during  40  to  50  minutes. 

While  infiltrating  at  proper  temperature  and 
holding  time,  the  reinforcing  particles  are  soundly 
anchored  in  the  matrix  and  show  only  slight  brittle 
fracture  behavior  and  resistance  to  cracking  and 
chipping  off  of  small  pieces  by  the  erosive  media. 
Rates  of  the  particulate  erosion  are  substantially 
lower  than  those  for  other  specimens. 

Based  on  the  above  results,  it  is  possible  to 
conclude  that  during  infiltration  the  reinforcing 
particles  dissolves  in  the  Fe-B-C  molten  alloy.  The 
crystals  of  W2C  observed  in  the  structure  of  W- 
3.5C  particulate  dissolve  in  the  first  place.  It  ap¬ 
pears  that  the  accompanying  dissolution  of  tung¬ 
sten  and  carbon  in  the  Fe-B-C  eutectic  alloy  leads 
to  the  formation  of  the  Fe3W3C  crystals  when  so¬ 
lidified.  Therefore,  the  shell  of  Fe3W3C  alloyed 
with  boron  in  which  the  WC  carbides  are  distrib¬ 
uted  is  observed  around  the  reinforcing  particles. 
On  cooling,  intensive  solid  state  diffusion  proc¬ 
esses  take  place,  and,  that  is  why,  some  iron  traces 
are  revealed  in  the  center  of  the  tungsten  carbide 
particles. 

At  higher  infiltration  temperatures  and  longer 
holding  times  the  above  described  processes  cause 
the  alteration  of  the  initial  eutectic  composition  of 
the  Fe-B-C  alloy.  It  changes  to  hypoeutectic  one, 
which  leads  to  the  formation  of  the  primary  aus¬ 


tenite  crystals  upon  solidification.  Then,  the  oc- 
Fe3  (C,B)  eutectic  alloyed  with  tungsten  supplied 
from  the  reinforcing  particles  crystallizes.  The 
austenite  crystals  more  easily  form  on  the  surface 
of  the  Fe3W3C  carbides.  Therefore,  a  lot  of  them 
are  observed  near  the  particle-matrix  interfaces. 
•While  cooling,  the  austenite  crystals  decompose  to 
the  microconstituents  of  a  sorbite  kind  that  are  al¬ 
loyed  with  tungsten  and  inherit  the  morphology  of 
the  primary  austenite  crystals. 

The  origin  of  the  formation  of  interfacial  zones 
between  Cr-20Ti-10C  and  Fe-B-C  alloys  is  proba¬ 
bly  related  to  the  partial  dissolution  of  the  low- 
melting-temperature  phase  identified  as  Cr7C3  al¬ 
loyed  with  titanium  from  the  particulate  into  mol¬ 
ten  matrix.  Due  to  the  loss  of  carbon,  Cr7C3  carbide 
decomposes  to  the  lower  Cr23C6  carbide,  which 
contributes  to  the  rapid  dissolution  of  the  phase. 
The  high-melting-temperature  ternary  (Ti,Cr)3C 
phase  remains  unchanged  during  all  the  processes 
of  contact  interaction,  and,  therefore,  it  is  present 
in  the  form  of  dark  inclusions  in  the  oc-Fe3  (C,B) 
eutectic  structure.  The  dissolution  of  the  ternary 
phase  is  hampered  not  only  by  relatively  high 
melting  temperature  of  the  phase,  but  also  by  an 
increase  in  the  melting  temperature  of  the  sur¬ 
rounding  eutectic  alloyed  with  titanium. 

The  suggested  mechanisms  seem  to  explain  the 
increase  in  the  width  of  the  interfacial  zones  due  to 
the  intensification  of  the  diffusion  of  components 
from  the  particulate  into  the  matrix. 

At  lower  temperature  and  shorter  holding  time 
the  reaction  occurring  between  the  matrix  and  the 
carbide  particles  is  not  enough  to  provide  the  nec¬ 
essary  amount  of  the  particles  components  alloying 
the  matrix.  Accordingly,  its  hardness  lowers 
somewhat.  And,  the  matrix  fails  to  support  the  car¬ 
bide  particles  and  they  fall  out. 

After  infiltration  at  temperature  of  1170°C  to 
1200°C  and  holding  time  longer  than  50  mins,  the 
width  of  the  interfacial  zones  increases  signifi¬ 
cantly,  and,  in  some  cases,  in  the  structure  appear 
detrimental  phases  (e.g.  the  austenite  crystals). 
Wear  proceeds  severely  in  the  boundaries  around 
the  particulate  where  these  crystals  are  distributed. 
It  weakens  matrix/particle  interface  and  causes 
faster  destruction  of  the  composites. 

Maximum  wear  resistance  show  the  composite 
materials  infiltrated  at  1150°C  to  1160°C  during 
40  to  50  mins.  They  combine  the  proper  structure 
of  the  matrix  and  strong  particulate/matrix  inter¬ 
face,  which  allow  them  to  work  well  in  severe 
service  conditions.  The  investigated  composite 
materials  can  be  used  to  strengthen  wearing  parts 
of  metallurgical,  machine-building,  etc.  equipment. 
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As  can  be  seen  from  publications,  Li- 
containing  ingredients  and  aluminum  nitride 
additives  shall  be  useful  for  increasing  resistance 
of  S^Nzpbased  materials  to  lithium  melts, 
enhancement  of  ion  conductivity,  and  as 
opportunity  of  using  them  as  solid  electrolytes  [1- 
3],  Therefore,  a  need  arouse  to  investigate  the 


powder;  a-Si3N4  -  20  %  Li2C03  -  10  and  20  % 
AIN  or  A1 -powder.  As  it  was  expected  while  using 
the  Al-powder  as  additive  to  S^^,  the  Al-powder 
would  be  nitrided  and  passed  into  the  AlN-phase. 

The  pressed  compacts  were  sintered  in 
nitrogen  medium  at  1700,  1800  and  2000  K  in  a 
fill  of  BN  powder.  Diffractometer  of  DRON-3M 


Table  1 .  The  phase-formation  process  in  materials  based  on  a-Si3N4  with  Li-  and  Al-containing  additives 

during  the  sintering  _ 


N 

Material  composition, 
mas.% 

Sintering  temperature,  K 

1700 

1800 

2000 

1 

a-Si3N4-10AlN 

- 

a-Si3N4,  P-Si3N4,  AIN 

- 

2 

a-Si3N4-20  AIN 

- 

a-Si3N4,  P-Si3N4,  AIN 

- 

3 

a-Si3N4-10Al- 

powder 

- 

a-Si3N4,  P-Si3N4,  AIN, 
AlSi02 

4 

a-Si3N4-20Al- 

powder 

- 

a-Si3N4,  P-Si3N4,  AIN, 
AlSi02 

“ 

5 

a-Si3N4-20Li2CO3- 

10A1N 

a-Si3N4,  (3- 
Si3N4,AlN,  LiSi2N3, 
Li2Si03 

a-Si3N4,  P-Si3N4,  AIN, 
SiAlON,  LiAlSi04, 
Li5SiN3 

a-Si3N4,  P-Si3N4, 
AlN,LiAlSi04,  LisSiN3 

6 

a-Si3N4-20Li2CO3- 

20A1N 

a-Si3N4,  P-Si3N4, 
AIN,  LiSi2N3,  Li2Si03 

AIN,  SiAlON,  LiSi2N3, 
LiAlSi04,  LiA^Os 

a-Si3N4,  p-Si3N4, 
AIN,  LiAlSi04, 
Li5SiN3 

7 

a-Si3N4-20Li2CO3- 
10  Al-powder 

a-Si3N4,  P-Si3N4, 
AIN,  LiAlSi02, 
LiAlSi203 

a-Si3N4,  P-Si3N4,  AIN, 
SiAlON,  LiAlSi04 

a-Si3N4,  P-Si3N4, 
AIN,  LiAlSi02, 
LiAlSi203 

8 

a-Si3N4-20Li2CO3- 
20  Al-powder 

a-Si3N4,  P-Si3N4, 
AIN,  LiAlSi02, 
LiAlSi203 

SiAlON,  LiAlSi04,  AIN, 
LiSi2N3 

a-Si3N4,  P-Si3N4, 
AIN,  LiAlSi02, 
LiAlSi203 

influence  of  lithium  and  aluminum-containing 
additives  on  the  processes  of  phase  formation 
during  the  sintering  of  silicon  nitride-based 
materials. 

Eight  different  mixtures  based  on  a-Si3N4 
(in  wt%)  were  prepared  to  study  the  processes  of 
structure  formation  while  adding  Li2CC>3  and  AIN 
or  A1  powder:  a-Si3N4  -  10  and  20  %  AIN  or  Al- 


type  was  used  to  perform  X-ray  phase  analysis  in 
CuKoc -radiation.  The  results  of  study  are  given  in 
Table  1. 

As  it  was  stated  when  analyzing  binary 
systems  sintered  at  1 800  K,  higher  are  amounts  of 
Al-containing  additives,  stronger  are  the  A1N- 
pattem  lines.  On  the  other  hand,  the  A1  powder- 
derived  AlN-lines  are  faint  and  blurred,  thus 
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suggesting  an  imperfection  of  this  structure  lattice. 

The  data  concludes  that  the  phase-formation 
process  of  the  triple  system  under  study  is 
dependent  on  the  temperature  of  sintering,  amount 
and  composition  of  additives  (AIN  or  Al-povvder). 
Rising  amounts  of  Al-containing  additives 
contribute  the  intensity  of  lines  of  developing 
phases,  and  the  increase  of  lattice  parameters  a- 


characteristics  of  a-S^Nq-  based  material  in 
contrast  to  the  Al-powder  addition,  which 
«loosen»  the  material  during  its  sintering,  and  at 
higher  temperature  in  particular. 

The  parameters  of  a-Si3N4  lattice  were 
computed  within  the  compositions  studied.  The 
lattice  parameters  variation  of  silicon  nitride  can 
be  observed  in  triple  systems  at  the  1800  and 


Table  2.  The  variation  of  a-Si'3N4  crystal  lattice  parameters  during  the  sintering  of  S^Nbj.  -LnC03-AlN 

(Al-powder)  system  materials 


Material  composition,  mas.%. 

Sintering 

temperature, 

K 

Crystal  lattice  parameters  of  a-S^Nq,  A 

a 

c 

a/c 

Initial  a-Si3NT4 

7,756 

5,615 

0,724 

a-Si3N4-20Li2C03-10AlN 

1800 

7,881 

5,695 

0,723 

a-Si3N4-20Li2C03-10  Al-powder 

1800 

7,885 

5,684 

0,721 

a.-Si3NT4-20Li2C03-10  AIN 

2000 

7,889 

5,725 

0,726 

a-Si3NT4-20Li2C03-10  AIN 

2000 

7,903 

5,748 

0,727 

a-Si3N4-20Li2C03-10  Al-  powder 

2000 

7,880 

5,716 

0,725 

a-Si3N4-20Li2<703-10  Al-  powder 

2000 

7,884 

5,710 

0,724 

Si3N4  and  P-S^Nhp  Addition  of  Al-powder  at  the 
1700  and  2000  K  sintering  temperatures  produces 
no  change  of  phase  composition,  but  the  intensity 
of  lines  of  aluminum-lithium  silicates  is 
considerably  weaker,  and  lattice  parameters  of  a- 
S13N4  and  P-Si3N4  are  greater  at  2000  K.  The 
AIN  additives  produced  a  difference  between  the 
specimen  compositions  as  prepared  at  1700  and 
2000  K:  blurry  lines  of  new  triple  phases  (Li3SiN3 
and  LiAlSi04)  have  appeared  at  2000  K.  The  most 
interesting  processes  occur  at  1800  K.  A 
noticeable  effect  on  the  phase  composition  is 
exerted  by  a  quantity  increase  of  AIN  and  Al- 
powder  additions,  measuring  from  10  to  20  %.  The 
20  %  addition  causes  disappearance  of  the  S^Nq 
phase  and  well  developed  phases  of  sialon  and 
double  nitride  (LiSbN^)  appear.  Adding  of  10% 
maintain  the  a-S^Nb;  and  P-S13N4  structures 
with  increased  lattice  parameters  unchanged  and  a 
distinct  LiAlSiOq  phase  and  less  distinct  sialon 
phase  are  appearing.  It  should  be  noted  as  a 
whole,  addition  of  AIN  produces  a  significant 
influence  on  the  strength  and  hardness 


2000  K  sintering  temperatures  due  to  interstitial 
lithium  in  its  crystal  lattice.  Data  is  given  in 
Table  2. 

So,  regulation  of  the  sintering  temperature, 
composition  and  amount  of  lithium-  and 
aluminum-containing  additives  may  be  provided 
materials  based  on  Si3NT4  with  desired  phase 
compositions  and  respective  properties. 
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There  are  publications  covering  the  formation  of 
AIN-BN  system  materials  during  sintering  using 
initial  mixtures  such  as  Al-BN,  A1N-B  or  A1B}2 
powder  [1],  This  paper  describes  an  attempt  to 
design  composite  materials  made  of  nitrides  of  A1 
and  B  through  the  direct  use  of  AIN  and  BN  initial 
powders. 

It  is  known  that  the  process  of  BN  sintering 
activation  requires  initial  powders  having 
disordered  microstructures  or  reaction  sintering 
agents,  while  the  aluminum  nitride  needs  an 
enlarged  reacting  surface,  and  faulted  structure  of 
initial  powders  achieved  by  mechanical  milling  [1, 
2],  The  high-defect  states  of  ground  powders  of 
aluminum  and  boron  nitrides  are  expected  to 
create  conditions  useful  for  their  joint  sintering. 

Due  to  the  above  said,  this  paper  is  aimed  at  the 
research  of  the  influence  of  initial  vibro-ground 
powders  of  various  grain  size  and  defect  degree  on 
the  processes  of  densification  during  sintering,  and 
physical-mechanical  properties  of  AIN-BN  system 
composite  materials. 

As  initial  powders,  AIN  and  BN  powders  were 
used  having  the  3. 0-4. 5  and  11.5-12.0  m2/g 
specific  areas,  respectively.  Each  powder  was 
ground  in  the  vibrating  mill  of  M-10  type  for  1,  2, 
4  and  8  hours. 

As  it  was  stated,  an  increase  of  grinding  time  from 
1  to  8  hours  resulted  in  a  proportional  increase  of 
AIN  specific  area  from  5.3  up  to  7.5  m2/g,  while 
the  BN  powders  remain  at  the  initial  level  between 
11.5  and  12.0  m2/g.  AIN  as  a  brittle  material  is 
easily  subjected  to  grinding,  whereas  BN  is 
hardly-ground  material  due  to  its  crystalline 
structure  as  the  powder  «spread»  over  the  mill 
walls  and  nodulizes.  It  would  be  rational  to 
perform  the  boron  nitride  vibro-milling  jointly 
with  a  brittle  powder,  which  shall  serve  as  a 
«filler»  and  an  additional  grinding  agent. 


As  X-ray  analysis  has  shown,  the  initial  powder  of 
AIN  had  a  distinct  wurtzite  structure  with  lattice 
parameter  of:  a=3.110  A,  c=4.978  A.  The  powder 
remains  its  structure  within  one  hour  after  the 
vibro-milling,  and  low  angles  produce  CC-AI2O3- 
phase  patterns.  After  2,  4  and  8  hours  of  vibro- 
milling,  the  thin  crystalline  structure  of  the  AIN 
powder  changes,  i.e.  coherent  dissipation  areas 
become  shorter,  and  microdistortions  occur,  that 
increase  with  the  grinding  duration.  This  is 
exhibited  through  a  blurring  and  enlarging  on  X- 
ray  pattern  lines,  hkl  (101)  and  (302).  The  BN 
powder  has  a  hexagonal  structure  with  the  lattice 
parameters  of  A=2.504  A,  c=6.668  A.  This 
hexagonal  powder  structure  remains  unchanged 
for  one  hour.  After  2  to  8  hours,  the  structure 
approaches  to  an  amorphous  state,  and  line 
blurring  can  be  observed  at  low  angles  while  high 
angles  showing  a  rather  fusing  with  the 
background. 

Further  investigations  used  powders  of  AIN  and 
BN  having  the  S.3-7.5  and  12.0  m2/g  specific 
areas,  respectively. 

To  select  a  material  of  desired  composition  in  the 
AIN-BN  system,  a  lot  of  mixtures  of  boron  nitride 
(12.0  m2/g)  were  prepared  added  with  10-90  wt% 
of  AIN  (5.3  m2/g)  and  the  10  %  step  involved. 
Different  pressing  and  sintering  regimes  for 
aluminum  nitride  were  used  to  produce  specimens 
of  the  AIN-BN  system  useful  for  measuring 
compressing  strength  and  resistivity  at  293  and 
1270  K.  The  peak  values  of  these  parameters  were 
used  to  determine  the  optimum  composition  for 
the  50  AIN  and  50  BN  (wt%)  composite  material. 

The  processing  conditions  for  making  materials  of 
the  AIN-BN  system  were  studied  using  an 
optimum  composition  under  the  pressures  of  100, 
200  and  300  MPa  and  temperature  of  sintering  of 
2070,  2170  and  2270  K.  The  optimum  processing 
conditions  (pressure  of  200  MPa  and  sintering 
temperature  of  2170  K)  were  determined  using  the 
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electric  resistance  values  and  compression  strength 
values. 

The  grain  size  influence  of  initial  powders  on  the 
densification  process  at  pressing,  thermal- 
mechanical  properties  and  electric  resistance  was 
measured  on  a  sintered  material  of  optimum 
composition.  Powders  of  aluminum  and  boron 
nitrides  with  the  5. 3-7. 5  and  12  m~/g  specific 
areas,  respectively,  were  used.  In  fact,  AIN  powder 
grain  size  influence  on  composite  material 
properties  was  studied.  Tables  1  and  2  give  data  of 
study. 

As  can  be  seen  from  Tables  1  and  2,  the  higher 
specific  area  of  AIN  powder,  the  higher  are  the 


0=6.659-6.660  A.  The  values  as  obtained  correlate 
with  those  in  publications  [1],  Further  more, 
aluminum  pattern  lines  have  also  been  observed, 
low-angle  reflections  had  faint  lines  of  the  a- 
AI2O3  phase. 

The  chemical  analysis  data  concludes  that  the  AIN 
power  grain  size  has  any  substantial  effect  upon 
the  material  composition.  All  the  specimens 
correspond  to  the  following  compositions  (in 
wt%):  17.1-17.4  B;  34.5-34.8  Al;  35.2-35-5  N; 
0.3-0. 7  B203;  3. 2-3. 5  C;  and  0. 5-0.6  Fe.  The 
material  based  on  AIN  or  BN  is  easy  machinable.  ■ 

The  physical -mechanical  properties  of  the  material 
as  designed  open  opportunities  for  the  use  of 


Table  1 .  Thermal-mechanical  properties  of  the  AlN-BN-based  material  of  optimum  composition  when 
using  AIN  powders  differing  in  specific  areas 


Surface  area 
AIN  powders, 
m-/g 

Properties  of  specimens  as  ground 

Density. 

g/cni^ 

Mechanical 

strength 

°c>io  MPa 

Thermal 
resistance, 
numbers  of  cycles 
2170-293  K 

Thermal  expansion 
coefficient,  :-:10*6, 
grad* 1 , 

at  293-1270  K 

5.3 

2.17 

90.1 

144 

0.77-4.2 

5.8 

2.29 

98.6 

163 

0.77-4.4 

6.7 

2.44 

105.4 

175 

0,. 7-4.0 

7.5 

2.50 

108.8 

171 

0.77-4.3 

Tabic  2.  Temperature  dependence  of  electrical  resistivity  (Ohnvcm)  of  the  AlN-BN-base  material 
having  optimum  composition  when  using  AlN-powders  differing  in  specific  areas 


Temperature,  K 

Electric  resistivity,  Ohm -cm* 

473 

21012  (5.3) 

1.9-10*6(5. 8) 

4.910*6  (6.7) 

5-10*  * 

(7.5) 

673 

'  1-10*1  (5.3) 

1.6-1010(5.8) 

610*6  (6.7) 

2-10*6 

(7.5) 

873 

2-10^  (5.3) 

3.5-1 0^  (5.8) 

1.1  •106(67) 

8-1 0^  (7.5) 

1073 

3 ■  1 0 /  (5.3) 

6-10/ (5.8) 

5.6-10'/  (6.7) 

2-10'/  (7.5) 

1273 

51 06  (5.3) 

6T0b  (5.8) 

8-106(6.7) 

3-106  (7.5 r 

1473 

6  10^  (5.3) 

M0&  (5.8) 

9-102  (6.7) 

2-102  (7.5) 

*The  parenthesis  contain  specific  area  values  for  AIN  powder  in  m-Vg. 


values  of  density,  mechanical  strength  and  thermal 
resistance  of  the  material.  On  the  other  hand, 
coefficient  of  thermal  expansion  and  electric 
resistivity  of  the  material  arc  independent  of  the 
AIN  powder  grain  size. 

As  X-ray  phase  analysis  revealed,  all  the 
specimens  under  study,  irrespective  of  the  AIN 
grain  size,  had  two  phases  -  AIN  and  BN  with 
lattice  parameters  as  follows:  AIN  -  a=3.1 10-3.1 15 
A.  c=4. 978-4. 982  A:  BN  -  3=2.501-2.504  A. 


vibro-milling  for  creating  ceramics  on  the  base  of 
nitrides  of  aluminum  and  boron,  directly  using 
initial  powders  of  AIN  and  BN, 
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The  performed  experiments  demonstrated  that 
treatment  of  the  tool  surfaces  by  a  pulsed  plasma 
containing  doping  elements  is  accompanied  by  a 
total  complex  of  various  effects  (shock,  heat, 
electromagnetic,  deformation  ones)  The 
implantation  of  elements  into  a  plasma  is  realized 
with  the  help  of  an  evaporated  metallic  electrode 
and  gas  (a  propane-butane  mixture,  a  nitrogen,  an 
oxygen).  In  such  a  way,  on  the  basis  of  the 
performed  experiments,  we  concluded  that  in  the 
process  of  pulsed  plasma  treatment,  a  tool 
surface  is  initially  subjected  to  an  elastic- 
deformation  effect  of  a  shock  wave  and  a  pulsed 
plasma  jet,  then  it  is  subjected  to  an  action  of  an 
electric  current.  The  amplitude  current  value 
reaches  4  kA.  As  a  result,  a  pulsed  magnetic  field 
of  to  2000  Oe  intensity  is  formed.  Practically 
simultaneously  combustion  products  of 
combustible  gases  cover  the  surface  for  3  to  5  ps 
together  with  an  accelerated  and  heated  (and/or 
melted)  doping  material  from  a  destroyed 
electrode.  Interaction  of  the  metal  containing 
plasma  jet  with  the  tool  surface  is  realized  for  2 
to  5  x  10‘3s,  which  conditions  its  short  time 
heating.  A  combined  gas  dynamical  and  electro¬ 
magnetic  action  on  the  metal  surface  provides 
mixing  of  the  doping  material  with  the  substrate 
and  induces  an  accelerated  crystallization  of  the 
surface  layer.  Metallography  investigations 
showed  that  as  a  result  of  pulsed-plasma 
treatment  of  tools  on  iron  base,  a  micro-crystal 
doped  layer  of  60  to  120  pm  thickness  was 
formed  on  their  surfaces  (Fig.l).  The  main 
component  is  iron.  After  10  pulses  a  limiting  Mo 
concentration  is  about  8  at.%.  The  maximum  is 
positioned  at  about  7  pm  depth  from  the  surface. 

The  layer  hardness  reached  16  Gpa.  The 
presence  of  visible  defects  in  the  layer  depends 
on  the  plasma  composition  and  number  of 
treating  pulsed.  The  layer  Fig.2  shows  the  data 
on  the  measured  concentration  of  elements  over 
the  depth  in  ot-Fe  after  pulsed  plasma  treatment. 

The  Figure  shows  that  the  thin  surface  layer 
of  a-Fe  is  saturated  by  an  oxygen,  a  nitrogen  and 
a  carbon,  and  their  concentration  quickly 
decreases  with  depth.  Mo  concentration  in  the 


near  surface  layer  of  to  10  pm  thickness  is  4.7 
at.%  and  increases  with  depth  to  7.8  at.%. 


Fig.  1 .  The  structure  of  the  modified  layer 
after  treatment,  5  pulses. 

One  should  note  that  the  carbon 
concentration  increases  non-essentially  with 
increasing  number  of  pulses,  whereas  that  of 
the  oxygen  reaches  40  at.%  even  after  15 
pulses. 


Atom  concentration  profiles 


Depth,  nm  x  10’ 

Fig.2.  The  concentration  profiles  of  elements 
vs  the  depth  in  a~Fe  after  plasma  jet  treatment 
during  15  pulses. 

The  molybdenum  concentration  in  the 
implanted  a-Fe  increased  to  its  maximum  and 
falls  within  the  interval  4  to  20  pulses.  Its 
maximum  concentration  is  8at.%,  which  is 
reached  after  10  pulses  of  a  high-rate  pulsed  jet. 
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Fig. 3  (a,b,c)  presents  the  energy  spectra  of 
Rutherford  back  scattering  of  ions  (a),  which 
were  obtained  for  oc-Fe  after  its  treatment  by  the 
plasma  jet,  and  the  spectrum  of  an  elastic 
resonance  on  protons  within  1745  keV  (b,c), 
which  was  obtained  for  the  same  sample. 

The  boundary  of  the  kinetic  Fe  and  Mo  factor, 
which  peak  is  at  the  right  side,  is  well 
pronounced  and  seen.  The  formation  of  a  small 
step  evidences  that  near  the  surface,  in  the  layer 
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The  essence  of  superdeep  penetration  effect  is  the 
fact  that  microparticles  of  a  various  nature 
(metals,  carbides,  nitrides  etc.)  under  certain 
loading  conditions  are  capable  to  penetrate  into 
metal  barrier  on  the  distances  exceeding  the  size 
of  particles  in  100-1000  times.  Conditions  of 
realization  of  superdeep  penetration  are  the 
following:  the  size  of  particles  is  up  to  500 
microns,  speed-  0,5-2, 5  km/sec,  time  of  influence 
100-400*1 0'2  sec  [1].  Dispersal  of  particles  is 
executed  by  the  explosive  accelerator.  The  stream 
of  particles  at  impact  with  the  barrier  raises  shock 
waves  in  it.  Outstripping  action  of  shock  waves 
creates  in  a  material  of  a  barrier  of  a  condition 
necessary  for  superdeep  penetration  a  small  share 
of  the  dispersed  particles  (=T%).  Particles  of  the 
sizes  up  to  70  microns  penetrate  into  a  processable 
material  on  depth  of  several  tens  millimeters. 

The  purpose  of  the  work  consists  of  research  of 
the  microstructural  changes  caused  by  influence 
of  a  stream  of  high-speed  particles  and  definition 
of  efficiency  of  superdeep  penetration  for  metals 
and  alloys  with  various  physical  and  mechanical 
properties.  Density  of  formed  channel  formations 
and  their  average  diameter  were  accepted  as  the 
criterion  of  efficiency  shock-wave  penetration. 

As  a  material  of  metal  barrier  were  chosen:  alloys 
of  system  Fe  -  Ni  (H6,  10H6,  20H6,  45H24,  H32), 
steel  10,  steel  40,  aluminum,  titan,  copper.  The 
choice  of  metals  for  research  was  made  counting 
the  difference  of  their  physical  characteristics.  In 
particular,  for  iron  -  nickel  alloys  existence  of 
dynamic  phase  transition  (polymorph 
transformation)  is  experimentally  known  and 
there  are  no  experimental  data  about  its  presence 
in  copper  and  aluminum.  By  modeling 
performances  about  cause  of  the  superdeep 
penetration  and  the  factors  that  influence  this 
process,  phase  transition  plays  the  important  role. 

The  material  of  particle  is  powder  SiC  of  fraction 
63-70  microns. 

Particles  those  are  moving  in  material  form 
channels  of  superdeep  penetration.  The 


microstructure  of  the  processed  samples  is 
characterized  by  high  density  of  channels:  102-104 
mm2. 

The  amount  of  channel  formations  in  regular 
intervals  decreases  by  depth  of  the  sample.  It  was 
found  that  the  sizes  of  penetrated  particles  1-2 
times  less  than  initial  particles  of  the  powder.  In 
samples  of  the  all  researched  materials  superficial 
saturation  of  walls  of  channels  by  elements  of 
brought  particles  was  found. 

Action  of  shock  waves  is  accompanied  by  high¬ 
speed  deformation  and  formation  of  phases  of 
high  pressure.  In  alloys  H6,  10H6,  20H6  traces 
a— »e— >a  transformations,  in  alloys  45H24  and 
H32  -  a  — >y  transformation  are  found  out.  It 
means  that  the  size  of  background  pressure  in 
separate  sites  of  samples  reaches  8-12  GPa  [2],  It 
is  found  that  phase  transformations  proceed  non- 
uniform  on  all  the  volume  of  samples.  Zones  of 
realization  of  phase  transitions  are  zones  of 
channel  formations. 

It  is  proved,  that  on  efficiency  of  realization  of 
superdeep  penetration  process  essential  influence 
on  the  density  of  a  material  of  a  barrier, 
microhardness,  concentration  of  carbon  in  steel 
render,  frequency  rate  of  processing. 

With  the  increase  of  microhardness  and 
concentration  of  carbon  the  density  of  registered 
channel  formations  is  reduced.  Under  identical 
conditions  penetration  general  defectiveness  of 
samples  from 

Steel  10  exceeds  a  similar  parameter  for  samples 
from  steel  40  in  1,1  times.  It  is  probably  because 
of  that  in  constructional  steel  with  ferrite  -  perlite 
structure  at  the  application  of  loading  deformation 
begins  to  develop  in  ferrite,  and  perlite  colonies 
are  “barriers”  for  such  deformation  [3]. 

The  increase  of  density  of  the  target  material 
results  the  reduction  of  average  diameter  of 
registered  channel  formations.  Comparison  of  the 
average  changes  of  channel  structure  of  steel, 
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copper,  and  aluminum,  titan  showed  that  the 
maximal  changes  are  observed  in  aluminum.  By 
observance  of  identical  conditions  of  penetration 
average  diameter  of  the  channel  in  aluminum 
exceeds  this  parameter  in  steel  40  in  2  times,  and 
their  density  in  3,4  times. 

It  is  established,  that  in  considered  modeling 
materials  after  penetration  of  stream  of  particles 
the  size  of  grain  decreases  in  1,2  -  2,9  times. 
Increase  of  dispositions  density  in  constructional 
steel  in  17-30  times  is  found  on  variant  of 
processing. 

It  is  found  that  in  the  barrier  from  steel  40  by 
transition  from  unitary  penetration  to  triple  one 


the  average  total  density  of  registered  defects 
increases  in  2  times,  the  average  size  of  defect  in 
1,5  times. 

Based  on  the  results  of  the  researches  that  were 
done  the  analytical  technique  of  parameter’s 
definition  the  dynamic  phase  transitions,  stated  in 
work  is  offered  experimentally. 
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The  development  of  manufacture  expands  area  of  the 
requirements  to  materials  concerning  their 
mechanical  properties.  The  increase  last  with  use  of 
traditional  kinds  of  thermochemical  treatment  in  line 
of  cases  appears  economically  unprofitable. 
Therefore  last  years  the  new  technologies  of 
hardening  develop  which,  as  well  as  thermochemical 
treatment,  are  based  that  mechanical  strength  of 
details  is  guaranteed  at  the  expense  of  application 
low-alloy  steels,  whereas  the  special  properties  of  a 
surface  with  according  to  the  service  requirements 
are  provided  with  continuous  or  local  formation  of 
alloying  microlayers  on  it  or  spraying  of  coatings. 

Perspective  way  of  obtaining  of  a  complex  of 
necessary  properties  on  surface  layers  of  materials 
determined  by  purpose  of  a  product,  is  the  influence 
by  pulse  heterogeneous  plasma  formed  at  electrical 
explosion  of  conductors.  Idea  of  method  consists  in 
melting  of  surface  layers,  saturation  by  their  products 
of  explosion  and  subsequent  self-hardening.  The 
comparative  analysis  of  the  available  references 
shows  the  large  potential  opportunities  of 
development  in  this  direction.  The  wide  choice  of 
materials  of  exploding  conductors  causes  wide 
opportunities  of  application  of  a  method.  For  one 
pulse  of  treatment  it  is  possible  alloying  of  surface 
layers  by  the  area  up  to  5...  10  cm2  and  thickness  up 
to  20...  40  pm. 

The  application  of  electrical  explosion  and 
phenomena,  accompanying  it  in  various  technologies 
of  treatment  of  materials  now  has  resulted  in  creation 
of  the  appropriate  equipment  distinguished  by 
simplicity  of  a  design,  low  cost,  high  reliability  and 
ecological  safety. 

Peculiarities  of  structure  and  phase  formation  and  the 
service  properties  of  layers  modified  by  alloying  are 
reflect  the  basic  features  of  treatment:  a)  its  pulse  and 
high-intence  character  (time  of  a  pulse  of  influence  is 
made  about  1CT4  s,  absorbed  intensity  105...  10 
W/cm2);  b)  heterogeneous  structure  of  jets  formed 
during  electrical  explosion,  which  includes  high- 
entalphing  gas-plasma  front  and  rather  slow  particles 
of  rear;  c)  gas-dynamic  pressure  (order  10  ...10  Pa) 
on  a  surface  during  influence. 

The  carried  out  researches  on  carburizing  have 
allowed  to  determine  the  basic  regularities  of  pulsed 


electroexplosive  alloying,  and  also  structure  and 
phase  features  of  the  modified  layers  state.  The  pulse 
character  of  process  and  gas-dynamic  pressure  on  a 
surface  is  caused  with  high  cross  gradients  of 
temperature  and  speed  of  melting  motion,  the 
opportunity  of  overheat  it  is  higher  than  temperature 
of  boiling  at  normal  pressure.  A  consequence  it  is  the 
development  of  hydrodynamical  instabilities  and 
convective  processes  of  mass-  and  heat  transfer. 
Convective  mass  transport  causes  the  appreciable 
contribution  (up  to  several  percents  on  weight)  in  a 
degree  of  alloying  by  gas-plasma  components  of  a 
jets  and  promotes  penetration  in  liquid  of  the 
condensed  particles  of  products  explosion.  The  action 
of  dynamic  pressure  on  surface  melting  determines 
also  threshold  modes  of  treatment  bringing  to 
ejection. 

The  features  of  crystallization,  microstmcture,  phase 
formation  and  service  properties  of  the  modified 
layers  are  investigated.  In  particular,  the 
microhardness  and  wear  resistance  in  conditions  of 
dry  friction  of  sliding  of  carburizing  layers  of 
titanium  and  iron  was  increased  in  comparison  with 
base  in  some  times. 

Advantage  electroexplosive  alloying  is  that  as  an 
exploding  conductor  anyone  can  be  used  any 
electroconductive  material.  It  is  known,  that  the  high 
service  properties  have  the  surfaces,  hardened,  for 
example,  intermetallic  compounds.  Taking  into 
account  these  results  of  traditional  thermochemical 
treatment  as  one  of  opportunities  studied  alloying  of 
titanuim  base  by  electroexplosion  of  aluminium  and 
nickel  foils. 

The  layers  with  a  high  degree  of  alloying  (about  tens 
percents  on  weight),  caused  by  the  basic  contribution 
of  the  condensed  particles  of  products  of  explosion 
were  received.  Thus  convective  motion  the  levelling 
distribution  of  the  alloying  element  on  depth,  was 
determined  also  by  processes  cavitation,  e.g.  melt 
boiling  because  of  sharp  decrease  of  pressure  in 
drops  of  products  of  explosion  at  impact  with  a 
surface,  and  their  mechanical  interaction  with  the 
melt  also. 

The  carried  out  researches  on  samples  of  alloys  BT20 
and  BT6C  have  shown,  that  speed  of  oxidation  at 
temperatures  700...  900°C  after  alumizing  decreased 
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in  2  and  4  times  accordingly.  It  allows  increase  the 
temperature  of  operation  of  details  from  alloys  on  50 
and  100  °C  or  time  of  operation  up  to  an  allowable 
degree  of  oxidation  on  3  and  6  hours  accordingly. 

It  is  necessary  to  emphasize,  that  carburizing  layers 
in  comparison  with  layers  received  at  traditional 
thermochemical  treatment,  are  represented  thin. 
Therefore  selection  of  the  appropriate  nomenclature 
of  details  is  necessary  for  application  of  a  method.  In 
a  case  aluminizing  the  modified  surfaces  are 
comparable  to  layers  received  methods  of 
thermochemical  treatment.  Therefore  area  of 
application  of  the  electroexplosive  metallization  can 
be  wider,  than  carburizing  process. 

A  series  of  tests  on  electroexplosive  surface 
hardening  of  concrete  details  was  carried  out  also.  In 
particular,  the  considered  method  is  convenient  for 
treatment  internal  surfaces  of  details.  Accompanying 
carburizing  the  process  of  formation  of  a  layer  of 
firm  greasing  as  a  graphite  covering  is  the  positive 
factor,  if  the  hardening  will  be  carried  out  with  the 
purpose  of  increase  the  wear  resistance.  Therefore  for 
improvement  of  the  tribotechnical  haracteristics  of 
friction  pair  “titanium-titanium”  in  the  valve  of  the 
steam-turbine  engine  carried  out  graphitying  of  an 
internal  cylindrical  surface  of  its  case.  The  treatment 
consist  in  coating  of  a  dividing  layer  of  graphite  on  a 
surface  without  melting  of  a  base.  The  treatment 
through  of  internal  surfaces  of  rotary  cartridges  of  the 
blades  of  steam-turbine  engine  made  of  the  alloy 
BT9,  both  by  electroexplosion  of  the  coal-graphite 
fibres  and  aluminium  foils,  resulted  in  formation  of 
the  alloying  layers  with  microhardness  twice  above 
initial.  For  increase  of  stability  to  fretting-corrosion 
of  a  detail  of  injector  of  the  steam-turbine  engine 
made  from  austenitic  cast  iron  carried  out  treatment 
through  with  melting  of  its  internal  cylindrical 
surface  by  electroexplosion  of  coal -graphite  fibres. 
The  treatment  resulted  in  formation  hardened  and 
steady  against  annealing  layer,  smoothing  out  of  an 
initial  relief  of  a  surface  and  formation  on  it  of  a  layer 
of  smalldispersion  graphite  strongly  connected  to  a 
base. 

The  results  of  development  received  on  faculty  of 
physics  SibSIU,  in  area  electroexplosive  alloying  are 
published  in  a  series  of  articles  and  are  protected  by 
patents.  Their  analysis  and  estimation  of  a 
prospective  economic  efficiency  of  application 
electroexplosive  alloying  allows  to  recommend  it  for 
practical  use. 


structure  was  created  by  the  certain  choice  of 
parameters  of  pulsed  plasma  treatment  and  conditions 
of  course  of  unifonn  technological  operation 
including  heating  of  a  hardened  surface,  saturation  of 
a  melting  layer  by  products  of  explosion  of  a 
conductor  and  subsequent  sefl-hardening.  with  which 
the  process  of  treatment  was  finished. 

For  the  decision  again  of  arising  practical  tasks 
connected,  for  example,  with  aspiration  to  increase  of 
working  temperatures,  sold  speeds  of  movement  and 
transmitted  pressure  in  mobile  interfaces  of  machines 
at  simultaneous  decrease  of  weight  on  unit  of 
capacity,  and,  in  this  connection,  with  frequently 
arising  necessity  of  maintenance  not  it  is  necessary  to 
find  one  any  of  property,  but  complex  combination 
simultaneously  of  several  properties  (for  example, 
resistance  to  oxidation  and  wear  resistance),  new 
methods  of  hardenings  based  first  of  all  on  the  basis 
of  complication  of  phase  constitution  and  structure  of 
surface  layers.  According  to  it  the  ways  of  the  further 
development  of  scientific  ,  working  and  practical 
approbation  of  methods  electroexplosive  alloying  are 
planned  also: 

a)  creation  of  a  hardened  layers  by  simultaneous  or 
consecutive  introduction  of  two  or  several 
components  in  constitution  of  a  surface; 

b)  the  creation  of  the  modified  layers  with  use  of  the 
combined  methods  of  hardening  combining,  for 
example,  electroexplosive  alloying  and  subsequent 
heat  treatment,  at  which  their  new  structure  is  formed 
by  a  diffusion  way.  The  thermochemical  treatment 
which  is  carried  out  in  such  a  way,  has  that  advantage 
before  traditional  methods,  that  the  stage  of 
additional  heat  treatment  will  be  carried  out  at  less 
temperature  and  (or)  with  much  smaller  holding  in 
time. 

The  offered  methods  of  development  of  methods 
electroexplosive  alloying  offers  to  an  opportunity  of 
significant  increase  or  obtaining  of  new  necessary 
properties  of  surface  layers  and  also  combination  of 
different  properties  in  one  layer. 


Till  now  all  executed  works  in  this  area  used  action 
any  of  one  component  in  addition  entered  into 
structure  of  a  surface  layer,  thus  the  optimum 
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Now  for  equipping  the  friction  units  of  chain 
conveyers  for  transportation  the  metal  blanks  to 
heating  furnaces,  autoclaves  trucks  for 
transportation  materials  to  autoclaves  operating  at 
the  temperatures  up  to  300  °C,  for  friction  units 
of  machines  for  continuous  casting  of  steel  etc. 
operating  at  the  temperatures  up  to  500  be,  and 
also  for  friction  units  of  gas  turbine  aggregates 
operating  at  the  temperatures  up  to  700-800 
on  air  the  bearings  of  babbits,  sintered  materials 
on  the  base  of  iron,  bronzes,  cast  iron,  cast  nickel 
alloys  etc.  are  applied. 

For  reasons  of  high  wear  rate  (250-400  mcm) 
of  these  materials  at  the  increased  temperatures 
(up  to  200  be  -  on  the  base  of  bronzes,  up  to  500 
°C  -on  the  base  of  iron  and  cast  iron,  up  to  650 
°C  -  on  the  base  of  cast  nickel  alloys)  operating 
resource  of  such  friction  units  is  considerably 
limited  [1], 

In  the  present  message  research  results  of 
three  types  of  materials  designed  for  operation  at 
increased  temperatures  are  presented: 

1.  On  the  base  of  iron  -  powder  composites 
produced  of  "LUX15Cr"  steel  powder-wastes  for 
operation  at  the  temperatures  up  to  350  0(7. 

2.  On  the  base  of  iron  -  powder  composites 
manufactured  of  "P6M5K5"  steel  powder- wastes 
for  operation  at  the  temperatures  up  to  550  be. 

3.  Composites  on  the  base  of  powder  high- 
alloy  nickel  alloy  "3II975"  for  operation  at  the 
temperatures  up  to  900  be. 

As  new  antifrictional  materials  are  intended 
for  operation  at  the  increased  temperatures  (350- 
900  bQ,  when  a  liquid  grease  is  already 
inoperated  in  the  capacity  of  solid  lubricant  CaF2 
was  added  in  all  cases  [2], 

The  materials  with  using  "IUX15Cr"  and 
"P6M5K5"  steels  powder-wastes  [3]  were 
produced  by  pressing  and  sintering  at  the 
temperatures  1100-1150  °C,  and  composites  on 
the  base  of  powder  alloy  "311975"  were 
manufactured  by  method  of  gas-static  pressing  at 
1210  be  with  postheat  treatment. 


The  physic  mechanical  and  antifrictional 
properties  of  new  composites  (tab.l  and  tab .2) 
have  been  researched. 

Table  1 


Physic  mechanical  properties  of 
materials 


Ns 

Structure,  %  mas. 

®b, 

MPa 

ak> 

J/nU 

HB,  MPa 

1. 

nixi5cr  +  5 
CaF2 

420-460 

570- 

590 

680-720 

2. 

P6M5K5  +  5 
CaF2 

480-500 

660- 

720 

750-850 

3. 

3F1975  +  6  CaF2 

550-600 

550- 

600 

2500- 

2600 

4. 

Ep.Orp.10-6 

140-160 

50-70 

420-460 

5. 

3KTp.3M15 

290-410 

80-94 

700-800 

6. 

Ni+(18-45)Fe+(5- 
10)(MoB2+ 
ZrB2)+5(CaF2  or 
BaF2) 

240-300 

350- 

520 

850-950 

Table  2 


Antifrictional  properties  of  materials 


Ne 

Structure, 

%  mas. 

Tempe 

rature, 

0c 

Coeffici 
ent  of 
friction 

Intensity 
of  wear 
process, 
mcm/km 

Ultimate 

load, 

MPa 

1. 

mxi5cr  +  5 
CaF2 

350 

0,13 

28 

7,0 

2. 

P6M5K5  +  5 
CaF2 

550 

0,12 

25 

8,5 

3. 

3119 7 5  +  6 
CaF2 

900 

0,26 

30 

7,0 

4. 

Ep.Orp.10-6 

200 

0,28- 

0,4 

520 

2,0 

5. 

)Krp.3M15 

400 

0,29 

470 

3,0 

6. 

Ni+(18- 
45)Fe+(5- 
10)(MoB2+ 
ZrB2)+5(CaF2 
or  BaF2) 

500 

0,31 

130 

1,5 

The  analysis  of  results  submitted  in  tab.l,  2 
shows  that  all  three  types  of  new  materials  (1-3 
positions)  have  higher  physic  mechanical, 
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antifrictional  characteristics  and  able  to  operate  at 
the  higher  temperatures  in  comparison  with 
applied  alloys  (4-6  positions)  now  at  the  similar 
conditions  [1], 

The  friction  coefficients  as  a  function  of  loads 
at  the  external  heating  friction  pairs  up  to  350, 
550  and  900  accordingly  are  presented  on 
fig.l. 


Load,  MPa 


Fig.l.  Friction  coefficients  as  function  of  loads  of 
new  composites  at  the  operating  temperatures,  o  - 
lUX15Cr+5%CaF2  -  350  °C.  x  - 
R6M5K5+5%CaF2  -  550  Oc.  -  EP975+6%CaF2 
-  900  Oc 

The  fig.  1  shows  that  a  general  rule  is  decrease 
of  friction  coefficients  at  increase  of  loads.  In  the 
interval  of  loads  3-6  MPa  friction  coefficients  of 
all  composites  are  stabilized  and  minimized  [2], 
This  fact  could  be  explained  that  at  the  increasing 
of  loads  and  temperatures  in  friction  zone  the 
oxidation  processes  are  promoted  on  the  friction 


surfaces.  This  causes  to  formation  the  antiscoring 
films  of  heterophase  compositions,  due  to  these 
reasons  adhesive  and  deformativc  components  of 
friction  coefficient  are  decreased. 

The  presented  research  results  offer  to 
recommend  the  new  composites  for  using  in 
friction  units  of  machines  and  mechanisms 
operating  at  the  temperatures  up  to  350,  550  and 
900  0c  accordingly.  Besides  using  the  readily 
accessible  powder-wastes  of  "UIX15Cr"  and 
"P6M5K5"  steels  containing  useful  alloy 
elements  lays  the  foundations  for  design  of 
resource-saving  technologies  and  offers  partly  to 
solve  an  ecological  problem. 

1.  Fedorchenko  I.M.,  Pugina  L.I.  Composite 
sintered  antifrictional  materials.  -  Kiev:  Naukova 
dumka,  1980,  403  p. 

2.  Shevchuk  U.F.,  Roik  T.A.  Powder 
antifrictional  materials  for  operating  at  increased 
temperatures  //Powder  metallurgy.-2001.-X2l-2.- 
P.53-58. 

3.  Roik  T.A.,  Shevchuk  U.F.  Powder  bearing 
material  on  the  base  of  iron  for  increased 
temperatures.  Patent  of  Ukraine  ,W°32854,  Bui. 
JV°1,  2001 . 
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It  is  well  known  that  materials  science  plays  a 
key  and  enabling  role  in  Science  and  Industry. 
Materials  chiefly  determine  the  efficiency, 
economy,  environmental  acceptability  and  safety  in 
energy  conversion  systems.  Materials  to  be  used  in 
power  units  have  to  withstand  to  the  combined 
effect  of  wear  and  high-temperature  corrosion.  The 
problem  is  complicated  by  the  fact  that  damage 
mechanisms  for  these  two  processes  are  distinctly 
different,  resulting  in  the  different  and  sometime 
opposite  materials  properties  required.  Only 
composite  structure  is  evidently  to  be  optimal  to 
provide  the  high  level  and  stability  of  the  material 
performance.  Composites  based  on  IV- VI  group 
metal  carbides  are  promising  materials  to  answer 
the  energy  needs  requirements.  In  this  work 
composite  powder  materials  based  on  double 
chromium  and  titanium  carbides  with  nickel- 
chromium  binder  produced  using  self-propagating 
high-temperature  synthesis  (SHS)  are  investigated. 
The  idea  of  creating  such  a  composition  is  based  on 
the  attempt  to  combine  excellent  wear  resistance 
and  extremely  high  hardness  of  titanium  carbide 
and  high  corrosion  resistance  of  chromium  carbide. 

Surface  engineering  attempting  to  create  at  the 
surface  both  corrosion-  and  wear-resistant 
protective  layer  is  obviously  the  most  economical 
way  to  reduce  the  material  wastage  in  power  units. 
In  spite  of  the  wide  range  of  available  technologies 
for  the  processing  protective  coatings,  very  few  of 
them  are  suitable  for  application  in  energy 
conversion  and  utilization  systems.  Diffusion 
coatings  are,  for  the  most  part,  either  too  thin  or 
not  hard  enough.  Casehardened  coatings  are  not 
sufficiently  corrosion  resistant  and  lose  their 
effectiveness  at  higher  temperatures.  Recently, 
hypersonic  velocity  oxygen  fuel  (HVOF)  thermal 
spray  process  showed  the  excellent  coating 
properties  (regarding  their  porosity,  hardness,  bond 
strength,  density'  and  roughness).  Due  to  its  lower 
flame  temperature  and  the  shorter  dwell  time  of  the 
particle  in  the  flame  as  compared  to  the  electric  arc 
and  plasma  processes,  the  HVQF  is  particularly 
suitable  for  the  deposition  of  carbide  coatings 
without  their  decomposition.  That  is  why  our 
investigations  were  concentrated  on  the  HVOF 
coatings  from  the  synthesized  powders. 


SHS  yields  the  fine-grained  product  with  the 
composite  structure.  X-ray  analysis  identifies  three 
phases:  chromium  carbide,  titanium  carbide  and 
based  on  gamma-nickel  solid  solution. 

The  ability  of  a  material  to  resist  rapid 
degradation  in  aggressive  environments  normally 
depends  upon  its  potential  to  form  and  maintain  a 
protective  surface  oxide  scale.  Of  the  possible 
oxides,  Cr203  is  found  to  be  the  most  protective.  In 
our  case  oxidation  kinetics  is  strongly  dependent 
on  the  content  of  chromium  forming  its  proper 
carbide  and  dissolved  in  titanium  carbide. 

Table  1  represents  oxidation  resistance  of  the 
SHS  composite  powder  25wt.%  (Ni20Cr)  -  75wt.% 
(TiC-Cr3C2)  depending  on  the  carbide  phase 
composition.  To  control  the  content  of  chromium 
dissolved  in  double  carbide  solid  solution,  titanium 
carbide  lattice  parameter  measurements  are 
presented,  (chromium  is  known  to  occupy  titanium 
sites  in  TiC  decreasing  its  lattice  parameter).  It  is 
clear  from  the  table  that,  for  all  the  compositions 
but  10wt.%  Cr3C2,  dissolving  of  chromium  in  TiC 
results  in  increasing  its  oxidation  resistance.  Such 
an  effect  of  low  chromium  content  can  be 
explicated  in  terms  of  titanium  carbide  lattice 
defect  concentrations.  It  has  been  reported  that 
when  chromium  content  in  titanium  carbide  is  less 
than  3  atomic  %,  the  higher  concentration  of 
vacancies  on  carbon  sites  is  observed.  The  oxygen 
atoms  under  oxidation  conditions  can  easily 
occupy  these  vacancies.  For  the  composition  with 
30wt.%  Cr3C2,  in  spite  of  significantly  lower 
weight  gam,  oxidation  kinetic  is  still  controlled  by 
titanium  oxides  formation  that  does  not  exhibit 
high  protective  ability.  Protective  layer  is  formed 
at  titanium  -  chromium  carbide  ratio  30:70 
(composition  6).  The  material  oxidation  behavior 
is  practically  similar  to  the  composite  with  pure 
chromium  carbide.  Interestingly,  that  when 
synthesis  conditions  assist  chromium  to  form  its 
proper  carbide,  leading  to  the  lower  Cr  content  in 
titanium-chromium  solid  solution,  oxidation 
resistance  of  the  composition  drops  again  (compare 
line  5  and  6,  Table  1). 

HVOF  process  enables  the  coatings  of  high 
quality  to  be  obtained.  Their  porosity  does  not 
exceed  2%. 
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Table  1.  Weigh  gain  of  the  SHS  powders  75%(Cr3C2-TiC)-25%  Ni20Cr  during  oxidation  in  air 


N 

Carbide  phase 
composition,  wt.% 

TiC  lattice 
parameter,  nm 

Weigh  gain,  mg/g  at  temperature  (°C) 

300 

400 

450 

500 

550 

600 

1 

lOOTiC 

0.4345 

33 

36 

38 

63 

73 

362 

2 

10Cr3C2-90TiC 

0.432 

53 

48 

49 

78 

127 

130 

3 

20Cr3C2-80TiC 

0.4315 

0 

3 

7 

39 

131 

139 

4 

30Cr3C2-70TiC 

0.4290 

0 

2 

6 

71 

78 

79 

3 

70Cr3C2-30TiC 

0.4320 

0 

4 

12 

26 

40 

100 

19 

70Cr3C2-30TiC 

0.4280 

0 

4 

10 

14 

15 

13 

100Cr3C2 

- 

0 

,  0 

3 

5 

10 

Mechanical  properties  of  the  coatings  as 
compared  with  that  of  HVOF  coatings  from 
conventionally  used  WC-17%Co  and  25NiCr- 
75Cr3C2  powders  are  summarized  in  Table  2.  In 
spite  of  the  best  mechanical  properties  of  WC-Co 
coating  their  thermal  cycling  lifetime  was  rather 
poor  because  of  the  low  coefficient  of  thermal 
expansion  -  (6-6,5)- 1  O'6 1/K).  High  sensitivity  to 
thermal  stresses  results  in  cracking  and  spallation 


Elevated  temperature  erosion  tests  did  not 
reveal  any  signs  of  the  material  corrosion.  The 
main  mechanism  of  the  surface  degradation  is 
mechanical  wear  caused  by  the  impacting  particles. 

Over  30  tests  were  carried  out  in  different 
ashes.  The  ashes  were  divided  into  three  groups 
according  their  erosivity  relative  to  AISI  1018 
Steel,  normally  used  as  a  standard  material  for  the 
erosion-corrosion  tests:  ashes  with  high  erosivity 
(AISI  1018  Steel  wastage  at  test  condition  is  1 00- 
300  mkm),  moderate  (50-100  mkm)  and  low  one 
(less  than  50  mkm).  Coatings  from  the  synthesized 
materials  showed  the  best  performance  for  the  all 
ashes  and  test  conditions.  In  contrast  to  the  1018 
Steel  exhibiting  typical  ductile  erosion  behavior 
with  maximum  material  wastage  at  impact  angle 
30°,  HVOF  coatings  are  characterized  by  the  brittle 
erosion  behavior  typical  for  cermets.  However, 
material  wastage  mechanisms  for  the  coatings 
based  on  double  chromium-titanium  and  single 
chromium  carbides  are  quite  different.  Cr3C2-NiCr 


of  the  coatings  at  the  elevated  temperature  erosion 
tests. 

HVOF  coatings  from  the  synthesized  powders 
at  the  comparable  mechanical  properties 
demonstrated  an  extremely  high  thermal  cycling 
lifetime:  8-10  fold  higher  than  for  the  conventional 
materials.  Fine-grained  structure  and  high  cohesion 
strength  of  the  composite  materials  formed  during 
SHS  are  likely  to  provide  for  their  excellent 
performance. 


coatings  exhibit  the  maximum  erosion  rate  at  45°. 
Such  a  behavior  is  usually  observed  when  erosion 
runs  via  brittle  failure  resulted  from  the  carbide 
grains  fragmentation.  Cracking  and  chipping  of  the 
fractured  pieces  of  the  coatings  taking  place  during 
testing  accord  well  with  this  point.  (Cr3C2-TiC)- 
NiCr  coatings  exhibit  the  highest  erosion  rate  at 
impact  angle  90°.  However,  in  spite  of  the  higher 
hardness,  there  is  no  evidence  of  the  lateral 
cracking  formation  in  these  coatings.  Surface 
morphology  of  the  erosion  grooves  is  indicative  of 
ductile  wear  mechanism. 

Thus,  when  adjusting  carbide  phase 
composition  and  chromium  content  in  titanium 
carbide  solid  solution,  one  can  control  the 
oxidation  kinetic  and  wear  resistance  of  the 
composition.  Fine-grained  structure  and  high 
cohesion  strength  of  the  materials  developed 
provide  for  the  excellent  elevated  temperature 
erosion  performance  in  a  wide  range  of  test 
conditions. 


Table  2.  Properties  of  HVOF  coatings 


N 

Material  Composition,  wt.% 

Hardness,  HRC 

Bond  Strength, 
as-sprayed,  MPa 

Bond  Strength, 
cycled,  MPa 

Lifetime, 

cycles 

u 

83WC-17Co 

57.2 

>60 

>48 

6 

a 

75Cr3C2-25Ni20Cr 

52 

50 

58 

8 

i 3 1 

75(70Cr3C2-30TiC)-25Ni20Cr 

56.6 

40 

- 

61 
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Introduction :  At  present  stage  of  development 
of  national  economy  in  Republic  of  Belarus 
ensuring  the  quality  of  the  produced  production  is 
one  of  the  priority  directions.  Concept  of  quality 
includes  many  components  i.e.  designing, 
engineering,  technological  fulfillment  and 
metrology  securing.  Rejects  on  any  stage  of  this 
chain  eliminates  efforts  of  preliminary  and 
following  components.  Achievement  of  high 
quality  of  products  is  of  special  importance  for 
electronics  and  instrument  engineering. 

Materials  based  on  aluminum  oxide  have  a 
large  application  in  industry,  and  also  in 
producing  micro-electrodes  which  are  widely 
used  for  ultrasonic  welding.  Compositions 
containing  7 5 h- 100%  of  aluminum  oxide  are  used 
more  often.  Their  properties  and  their  changes  in 
necessary  direction  are  obtained  by  inducting  of  a 
small  quantity  of  additions.  To  lower  the  sintering 
temperature  it  is  often  inducted  a  glass  phase, 
which  forms  during  adding  a  certain  quantity  of 
natural  minerals,  pure  chemical  substances, 
synthesized  before  compounds  or  welded  glass  to 
the  initial  mixture. 

The  aim  of  this  work  is  the  creation  of 
compositions  which  can  provide  a  high 
serviceability  of  the  products  like  micro¬ 
electrodes.  Production  technology  -  Injection 
Moulding. 

Materials  and  investigation  methods. 

Investigated  materials:  powder  compositions, 
including  aluminum,  magnesium  and  silicon 
oxides.  Initial  powders  were  first  activated  in 
attritor  with  horizontal  axis  of  rotation  with 
application  of  surface-active  substances. 

Estimation  of  adhesion  properties  between 
mixture  components  was  carried  out  according  to 
wetting  edge  angle  and  to  the  adhesion  work 
defined  by  the  «laying  drop»  method.- 

The  fractography,  structure  investigations  and 
X-ray  phase,  micro-X-ray  spectral  analysis  were 
carried  out. 

Experimental  investigation.  Composite 
materials  properties  depend  on  compound,  on 
configuration  and  components  injection  methods. 
In  the  literature  there  are  some  fragmentary 
information  about  selection  of  glass  additions  for 


compositions  on  the  base  of  aluminum  oxide.  In 
general  this  information  concerns  coating  on  huge 
dimension  products  and  describes  the  manners  of 
pyrolysis  attack  of  substances,  which  pass  into 
glassy  state  within  heating;  melting  of  glass 
powders,  produced  by  precipitation,  jet  spraying, 
cathode  sputtering  and  some  others. 

In  this  work  we  use  the  methods  of  glass 
ceramic  coating  directly  on  the  initial  powder. 
The  glass  ceramic  component  compound  is 
chosen  according  to  the  conditions  which  provide 
high  adhesion  activity  to  A1203  and  is  sprayed  on 
the  powder  activated  before.  The  ready  mixture 
represents  an  aggregate  from  2-10  grains  of 
aluminum  oxide,  coated  with  glass  component 
and  joined  by  the  bridge  from  it.  This  mixture  is 
used  for  producing  of  dross  for  heat  moulding. 

When  developing  compositions  there  were 
analyzed  ways  of  achieving  the  maximum  value 
of  surface  energy  of  the  main  material 
(corundum)  particles  and  minimizing  the  energy 
of  intercrystal  boundaries. 

Decrease  of  intercrystal  energy  takes  place  as 
a  result  of  changing  the  structure  of  boundary 
layers  when  leveling  the  asymmetry  of  contacting 
particles  field  of  forces,  what  contributes  to  the 
formation  of  intercrystal  structure  with  high 
density  of  strong  contact  directions.  Considered  is 
a  process  of  cracks  propagation  in  the  corundum 
material  during  slow  loading  and  shown  is  that 
the  maximally  achieved  bending  strength  would 
be  540  MPa  (max  8bending  for  pure  corundum  750 
MPa)  in  the  presence  of  additives.  The  material 
strength  may  be  lower  that  the  calculated  one, 
because  of  increasing  the  boundary  energy  on 
some  value  depending  on  the  crystals  orientation 
and  their  syngony  revealing  themselves  mostly 
with  increasing  of  the  crystals 
size.  On  the  basis  of  the  made  calculations  it  is 
determined  that  to  ensure  the  needed  physical- 
mechanical  characteristics  the  charge  of  the 
source  material  in  the  form  of  small  crystal 
particles  (having  around  shape  with  low 
anisotropy)  should  be  used. 

Carried  out  are  investigations  of 
microadditives  effect,  regulating  surface  tension 
of  a  liquid  phase  during  sintering  and  a  surface 
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energy  in  the  place  of  hard  and  liquid  phase 
contact.  Shown  is  a  necessity  of  using 
microadditives  Cr203,  Zr02  and  Si02  for 
realization  of  high  strength  and  technological 
indicators  as  well  for  microelectrodes  used  in 
wits  of  ultrasound  welding,  therewith  a 
macrostructure  of  the  material  may  be  a  flame 
one  the  general  density  being  high. 

Cr203  adding  in  the  amount  7-15  mass.% 
enables  to  increase  the  bending  strength  on  12- 
15%.  This  increase  is  achieved  due  to  origination 
of  a  hard  solution  in  Al203-Cr203  system,  what 
contributes  to  the  increase  of  the  surface  energy 
of  destructing  matrix  grains  of  aluminum  oxide. 

Si02  microadditives  are  added  to  regulate 
surface  tension  of  the  liquid  phase  originating 
during  sintering,  resulting  in  increase  of 
compressing  capillary  pressures  among 
aluminum  oxide  particles  and  therefore  in  direct 
increase  of  the  material  density. 

It  is  determined  that  glass  component  must 
correspond  to  the  diagram  of  MgO-  Al203-Si02 
and  its  compound  must  correspond  to  the  domain 
of  the  primary  crystallization  of  moulitte.  The 
compounds  of  glass  generation  composition  and 


Analyzing  the  above  mentioned  we  should 
notice  that  stable  aluminum-oxide  ceramics 
structure,  high  resistance  of  electrodes  are 
provided  with  the  developed  methods  of 
preparing  the  mixture  that  help  y-»a  phase 
transfer  in  A1203,  melting  and  interaction  of  glass 
components  with  the  matrix,  which  wets 
corundum  crystals  and  are  equally  distributed 
within  the  whole  volume. 

The  using  of  developed  adhesion-active 
bundles  in  the  compound  of  temporary  binder 
enabled  to  produce  the  material  with  good 


parameters  of  the  composition  microstructure  on 
the  base  of  aluminum  oxide  are  given  in  the  table. 

X-ray  phase  analysis  shows,  that  all 
investigated  samples,  sintered  at  the  temperature 
to  1400°  C,  contain  cordierite  (d=3.027;  3.198; 
3.379;  1.688  nm)  and  spinel  (d=2.085;  2.008  nm), 
which  is  homogeneously  distributed  in  the  matrix 
from  a-  A1203.  At  the  final  sintering  in  the 
temperatures  interval  1 500-1 550°C,  electrode 
structure  consists  of  a-  A1203  with  spinel  equally 
distributed. 

For  completion  research  works  and  for 
production  of  small  and  medium  lots  of  micro¬ 
electrodes  we  were  using  a  table  casting  tool 
developed  at  PMRI  with  PP,  which  enables  carry 
out  injection  moulding  with  maximum  injection 
volume  of  63  cm3,  pressure  up  to  100  kg/cm2, 
maximum  height  of  casting  form  -  120  mm  and 
injection  head  heating  temperature  -  70  -  300  °C. 
Small  overall  dimensions  in  working  state  are 
500x240x500  mm  and  in  packed  condition 
500x240x100  mm  and  mass  less  than  10  kg  allow 
to  make  casting  process  in  a  small  working  room. 


physical  properties:  density  ~  3.78  g/m3;  bending 
strength  ~  380  MPa;  the  loss  tangent  of  a 
dielectric  ~  3.5-1  O'4;  dielectric  permeability  9.4 
(at  the  frequency  of  106  Hz). 

The  complementary  positive  result  of  this 
work  is  prolongation  of  sendee  life  of  casting 
forms,  as  using  of  mixture  with  glass  components 
coatings  enables  to  reduce  friction  coefficient  of 
corundum  particles  with  the  walls  of  casting 
form. 


The  table:  compound  and  properties  of  investigated  compositions 


Composition 

Compound  of  glass 
component 

Grain 

size, 

mkm 

Density, 

g/cm3 

Porosity, 

% 

AI2O3 

Si02 

MgO 

A1203  +7,0%  CTK 

40.8 

44.7 

14.5 

>10 

3.5 

>5 

A1203  +7,0%  CTK 

45 

40 

15 

>10 

3.2 

>5 

A1203  +7,0%  CTK 

63.5 

27.9 

7.6 

>10 

3.2 

>5 

A1203  +5,0%  CTK 

40.8 

44.7 

14.5 

6.1 

3.78 

2-3 

A1203  +5,0%  CTK 

45 

40 

15 

5.5 

3.76 

2-4 

A1203  +5,0%  CTK 

63.5 

27.9 

7.6 

5.8 

3.7 

2-3,5 

A1203  +2,5%  CTK 

40.8 

44.7 

14.5 

7.0 

3.4 

>5 

A1203  +2,5%  CTK 

45 

40 

15 

6.5 

3.4 

>5 

A1203  +2,5%  CTK 

63.5 

27.9 

7.6 

6.1 

3.4 

>5 
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Novel  titanium-based  in-situ  composites  are 
attractive  materials  for  a  wide  range  of  applications 
because  of  their  high  specific  strength  and 
stiffness,  and  good  fracture-related  properties. 
Mechanical  behavior  of  these  materials  depends 
strongly  both  on  the  composition  and 
microstructure  of  the  matrix  and  on  the  type,  size 
and  volume  fraction  of  the  reinforcing  phase. 

It  was  found  that  these  composites  have  multiphase 
structure,  and  the  reinforcing  phase  is  formed 
inside  the  matrix  during  eutectic  solidification  and 
solid  state  decomposition  of  a  high-temperature 
phase  (Fig.  1 ).  In-situ  processes  can  create  a  range 
of  reinforcement  morphologies,  from 
discontinuous  to  continuous,  and  at  least  ten 
structural  constituents  can  be  distinguished  in  the 
Ti-based  in-situ  composites.  These  are 
polycrystalline  (prior  Agrains  matrix  with  small 
a ’-martensitic  lamellas  2  inside  these  grains, 
intergranular  eutectic  layers  3  consisting  of  soft 
intergranular  matrix  4  and  eutectic  silicide  skeleton 
of  bars  as  parts  of  like-palm  lives  eutectic  silicides 
5,  secondary  small  intragranular  silicides  6 
resulting  from  solid  solution  decomposition, 
precipitation-free  zones  7  surrounding  initial 
grains,  and  a  few  interfaces  like  between  prior  A 
grains  and  intergranular  eutectic  layers  8,  between 
matrix  and  silicides,  Ainterlayer  phase  between 
a  '-martensitic  lamellas  etc.  These  structural 
constituents  determine  overall  mechanical 
properties  of  material  and  result  in  non- 
homogenous  defonnation. 

As  to  the  fracture  mechanisms  SEM  fractography 
reveals  some  their  spectrum  showing  except 
cleavage  ductile  and  brittle  intergranular  fracture 
as  well  as  ductile  pores  coalescence  arising  near 
silicides  at  high  temperatures.  Fracture  surfaces 
reveal  that  intergranular  regions  consisted  of  brittle 
rod-like  silicide  particles,  which  are  embedded  in  a 
soft  ductile  matrix  undergoing  hundreds  of 
percents  of  local  strain  before  final  macroscopic 
failure  occurred.  Increasing  temperature  higher 
600°C  promotes  laminating  grains.  The  fracture 
behavior  of  deeply  deformed  alloys  is  quite 
different  from  the  as-cast  ones.  First  of  all,  owing 
to  more  homogenous  structure  sites  of  crack  starts 


shifted  from  inner  areas  of  samples  on  their 
surface.  Fracture  mechanisms  became  mostly 
intragranular  revealing  microfragmented  cleavage 
and  pores  coalescence. 


Figure  1.  Schematic  view  of  structure  of  as-cast 
Ti-3Al-2Si-5Zr  in-situ  composite. 

Explanation  of  pointers  is  in  the  text. 

The  temperature  dependency  of  mechanical 
properties  of  these  in-situ  composites  is  close  by  its 
shape  to  brittle  materials  (Fig.  2)  revealing  rather 
big  scatter  of  data  in  areas  of  low  and  high 
temperatures  arising  from  dependence  on  chemical 
composition  and  small  scattering  in  area  of  middle 
temperatures  between  150-500°C  where  plastic 
yield  may  be  observed  revealing  non-dependence 
on  chemical  composition. 

Plastic  deformation  for  90  %  strengthens  material 
to  such  an  extent  that  some  of  structural 
constituents  like  interface  between  prior  -i -grains 
and  intergranular  eutectic  layers  are  not  proved 
themselves  in  mechanical  behavior.  Structure 
homogenized  with  hot  plastic  deformation  leads  to 
equalizing  strength  of  all  the  structural  constituents 
on  the  level  of  a’ -lamellae  body  resulting,  in  its 
turn,  in  practical  eliminating  intergranular  fracture 
as  a  class  of  micromechanisms. 

The  temperature  dependencies  of  ultimate  tensile 
strength  and  elongation  of  the  Ti-3Al-5Zr  in-situ 
composite  containing  2,  4  and  6  wt.  %  silicon  in 
as-cast  and  deformed  for  90  %  conditions  are 
shown  in  Fig.  2  demonstrating  typical  brittle-to- 
ductile  behavior.  The  upper  limit  of  the  brittle-to- 
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ductile  transition  is  around  600  °C  in  all  the  cases. 
It  is  seen  that  both  strength  and  elongation 
increased  significantly  after  forging  with  90  % 
strain  in  all  the  cases.  These  experiments  clearly 
evidence  that  deformed  for  90  %  materia!  with  2 
wt.  %  of  silicon  may  show  4  %  of  elongation; 
material  with  4  and  6  wt.  %  of  silicon  may  show 
2.7  and  1.8  %  elongation  respectively.  Naturally, 
plasticity  of  alloy  with  2  %  Si  is  higher  than  in 
composites  with  4  and  6  wt.  %  Si.  Room 
temperature  strength  is  increased  for  around  200 
MPa  with  a  deep  plastic  deformation. 


0  200  400  600  800  1000 


Temperehj-e,  C 

Figure  2.  Temperature  dependencies  of  strength 
(a)  and  elongation  (b)  of  the  alloy  with  2  wt.  Si  in 
as-cast  and forged  (90%  strain)  conditions. 

Fig.  2  shows  that  plastic  deformation  is  radical 
mean  to  increase  plasticity.  And  the  reason,  as 
structural  data  shows,  is  purification  of  titanium 
matrix  from  silicon  via  intensified  decomposition 
of  its  solid  solution  in  titanium  with  precipitation 
of  secondary'  silicides  inside  of  prior  p-grains  when 
number  of  secondary  silicides  became  obviously 
more.  They  become  coarser  too.  It  is  seen  that 
namely  +2Si  alloy  comes  stronger  under  influence 
of  plastic  deformation  resulting  in  plasticity 
(elongation)  growth  up  to  4  %.  Hot  plastic 
deformation  is  some  activating  mechanism 


purifying  titanium  lattice  easier  than  simple  heat 
treatment.  It  is  necessary’  to  note  that  high 
temperature  plastic  deformation  leads  to  arising  in 
structure  new  the  (Ti,Zr)2Si  silicide.  Fig.  3  shows 
the  dependence  of  room  temperature  plasticity 
(elongation)  of  Ti-3Al-5Zr  in  situ  composite  in 
dependence  on  silicon  content. 
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Figure  3.  Room  temperature  plasticity  (elongation 
at  uniaxial  tension)  of forged  for  90  %  Ti-3Al-5Zr 
vs.  silicon  content  in  it. 

Ti  in  situ  composites  studied  demonstrate  typical 
brittle-to-ductile  behavior  caused  by  temperature. 
The  transition  of  as-cast  states  in  a  ductile  state  is 
realized  in  a  wide  temperature  interval  occupying  a 
few  hundreds  of  degrees  centigrade.  As  to  its  upper 
temperature  limit  it  is  in  a  range  of  600  °C  where 
plasticity  has  a  significant  growth.  Fractography 
confirms  this  conclusion  because  cleavage  does  not 
take  place  more  there.  As  to  the  lower  temperature 
limit  it  is  significantly  below  room  temperature 
because  in  spite  of  near  zero  plasticity 
fractography  points  out  a  significant  part  of 
samples,  which  fails  with  ductile  pore  coalescence, 
evidencing  the  high  plastic  potential  of  materials. 
Deformed  states  have  probably  wider  brittle-to- 
ductile  transition.  As  to*  its  upper  temperature  limit 
it  is  a  little  below  position  of  as-cast  states.  As  to 
the  lower  limit  it  must  be  significantly  lower  than 
in  as-cast  states  because  part  of  cleavage  in 
fracture  is  very  small.  At  this  it  is  clear  that  alloy 
containing  lower  silicon  content  has  lower 
temperature  limit. 

The  authors  would  like  to  acknowledge  funding  of 
this  project  from  the  US  Air  Force  Office  of 
Scientific  Research  and  the  assistance  of  the 
Science  and  Technology  Center  of  Ukraine. 
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The  friable  ceramic  materials  differ  by  stability  at 
action  of  sign-variable  cyclic  loadings  caused  by 
heat  drops.  The  specified  feature  is  defined  mainly 
by  value  of  their  temperature-expansion 
coefficients  (TKlE).  To  number  of  oxidic  phases 
with  low  sensitivity  to  changes  of  temperature, 
and  naturally,  low  TKLE,  concern  synthetic 
cordierite  (2A1203  2MgO  5Si02),  aluminium 
titanate  (ALTiOs),  mullite  (3Al2()3  2Si02), 
silicates  of  lithium  etc.  In  this  connection  the 
making  on  their  basis  of  high  spalling-resistant 
ceramics  and  products  for  use  in  extreme 
requirements  represents  scientific  and  practical 
interest. 

In  the  present  work  the  results  of  complex 
examinations  on  development  physicochemical 
requirements  of  cordierite  aluminium  titanate 
synthesis  with  the  maximal  content  of  the  basic 
phase  -98  vol.  %  are  submitted.  The  phase 

changes  in  activated  by  various  expedients  natural 
minerals  as  pyrophyllite,  talc  and  kaolinite  by 
processing  by  acids,  explosion  and  electric 
discharge  in  water  are  investigated.  Cordierite  and 
aluminium  titanate  synthesis  was  carried  out  by  a 
method  of  solid-phase  sintering  in  a  temperature 
band  1000-1400  C  (I)  and  melting  of  the  relevant 
oxides  intermixtures  with  the  subsequent  sharp 
quenching  of  a  melt.  The  process  of  production  of 
melted  fine-grained  aluminium  titanate  and 
cordierite  with  a  proportional  distribution  of  the 
stabilizing  additives  is  designed. 

For  compositions  synthesis  by  crystallization  from 
a  melt  the  oxides  intermixtures  fusion  was  carried 
out  in  a  "cool"  crucible  on  high  frequency  system 
such  as  "Crystal  -  401",  in  a  graphite  crucible  with 
a  high  frequency  heating.  At  melting  of  oxides 
intermixtures  of  compositions,  explored  in  work, 
the  theoretical  allocation  of  builders  at  a  nuclear 
level  was  reached,  that  essentially  facilitated  their 
chemical  interaction.  For  by  one  of  possible 
mechanisms  of  a  crystalline  phase  formation  is  the 
structural  ordering  at  transferring  in  an 
equilibrium  state  according  to  stoichiometry  and 
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new  formation  structure  type.  The  melts, 
homogenised  by  the  specified  method, 
poured  out  in  water.  Granulates, 
producted  as  a  glass,  fine-crystalline  (1-2 
microns)  cordierite  and  aluminium 
titanate  have  used  for  carrying  out  of 
examinations  at  development  of  test 
compositions  of  thermally  sound 
ceramics. 

The  field  of  investigated  compositions  of 
threefold  system  Mg0-Al203-Si02  is 
shown  in  figure  1 .  It  covers 
compositions,  boundary  with 
stochiometric,  which  settle  down  on 
treiangulation  lines.  The  specified  lines 
join  a  point  adequate  cordierite 
composition  with  points  on  the  sides  of  a 
concentration  triangle,  which  correspond 
to  mullite,  enstatite,  forsterite,  silicon 
dioxide  compositions. 


s,o2 


Fig.  1.  Field  of  investigated  compositions 
of  threefold  system  Mg0-Al203-SiQ2. 


The  phase  composition  of  glass  ceramics, 
and  also  temperature  and  character  of 
their  crystallization  is  investigated.  The 
TKLE  values  of  ceramic  samples,  made 
by  glasses  sintering  are  spotted.  On  the 
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basis  of  these  data  the  field  of  compositions  of 
threefold  system  with  minimum  TKLE  quantities  in 
limits  0,9-1, 2  10 6  °C  1  is  established  and  submitted  in 
figure  2. 


Fig.2.  Compositions  with  minimal  TKLE  values. 


The  formation  of  fluoride  replaced  kaolinite, 
pyrophillite  and  talc  analogs,  distinguished  by  higher, 
in  comparison  with  starting  minerals,  dehydroxylation 
temperatures  established  at  chemical  treatment  of 
laminated  silicates  by  concentrated  fluorhydric  acid  (5- 
20  mass.  %).  In  all  cases  the  chemical  treatment 
mineral  component  of  fusion  mixture  for  cordierite 
synthesis  produced  negative  effects:  the  formed 
fluorides  reduced  temperature  of  cordierite  synthesis 
(on  200-250  °C),  but  caused  samples  deforming.  The 
additives  of  sulfuric  and  nitric  acids  (up  to  20  mass.  %) 
result  in  partial  destruction  of  minerals  and  to  a 
decrease  of  the  volumetric  cordierite  content. 


At  processing  by  explosion  and 
electrohydraulic  crushing  of  silicates  a 
decrease  on  50-70  °C  of  cordierite  sintering 
point  and  occurrence  of  attendant  phases 
(enstatite,  mullite,  glass)  is  achieved. 

On  the  basis  of  the  obtained  data  the 
deduction  about  an  essential  role  of  heritable 
structure  of  minerals  at  solid-phase  cordierite 
synthesis  is  made.  Any  fracture  of  this 
structure  intensificates  sintering  and  the 
sealing  of  a  material,  but  impedes 
reorganization  of  nuclear  groupings  at 
cordierite  phase  formation. 

At  introduction  in  composition  of  starting 
charges  of  the  dispersible  mullite,  spinel, 
enstatite  established,  that  their  activity  during 
cordierite  synthesis  is  incremented  in  a 
direction  from  spinel  to  enstatite  and  mullite. 
The  formation  of  thermodynamically  stable 
binary  compositions  previous  to  cordierite 
synthesis  is  undesirable,  as  at  their  presence 
for  solid-phase  reactions  terminating  the 
temperatures  about  1400  °C  and  above  are 
necessary. 

The  developed  compositions  of  charges  and 
expedients  of  their  preliminary  preparation 
allow  to  lower  temperature  began  of 
cordierite  synthesis  up  to  1000  °C  and  to 
finish  it  at  temperature  1360  °C. 

The  thermally  sound  ceramic  materials  with 
boosted  strengthening  properties  on  the 
aluminium  titanate  basis,  dense  and  porous 
gas-permeable  cordierite  ceramics  are 
developed.  The  materials  are  tested  in  as 
filters  for  molten  metals  with  temperature  of 
embedment  800-1600  °C,  carriers  of  catalytic 
agents  and  sooty  filters  for  clearing  the 
exhaust  gases  of  automobiles. 
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MECANICAL  BEHAVIOR  OF  LaCo03  PEROVSKITES  FOR  SOLID 
OXIDE  FUEL  CELL  CATHODES 

Gogotsi  G.  A.,  Orlovskaya  N.(l),  Einarsrud  M.-A.(2) 

Institute  for  Problems  of  Strength,  Kiev,  Ukraine 
^’Drexel  University,  Philadelphia,  USA 
(2)Norwegian  University  of  Science  and  Technology,  Trondheim,  Norway 


Lanthanum  cobaltite  perovskites  are  promising 
materials  for  manufacturing  solid  oxide  (ceramics) 
fuel  cell  cathodes  and  membranes  of  air-oxygen 
separation  plants.  However,  their  mechanical 
behavior,  practically  controlling  the  performance 
of  these  materials  under  full-scale  conditions,  has 
scarcely  been  studied.  In  this  connection 
corresponding  investigations  were  conducted. 

The  materials  under  study  (Table  1)  were  produced 
by  cold  isostatic  pressing  followed  by  sintering  [1]. 


Table  1 


Ceramics 

Density 

(g/cm3) 

Porosity 

(%) 

Grains 

(pm) 

LaCoCL 

6,077 

16,6 

2-3 

Lao8Cao2CoC>3 

6,695 

0,15 

1-2 

LaogSro^CoCL 

6,274 

9,5 

2-3 

Load  -  deflection  diagrams  (Fig.  1)  recorded  upon 
four-point  bending  demonstrated  that  these 
ceramics  were  reliability  brittle  inelastically 
deformed  materials  (brittleness  measure  %  by 
Gogotsi  was  taken  as  an  inelasticity  property) 
displaying  residual  strains. 


Fig.  1.  Stress-strain  curves  for  LaCoCL  perovskites 
at  room  temperature 


In  contrast  to  other  ceramics,  the  inelasticity  of 
perovskites  is  associated  with  possible  twinning 
connected  with  ferroelastic  domain  switching. 
Therefore,  the  analysis  of  these  data  was  also 
based  on  investigation  results  for  zirconia  materials 
having  a  typical  domain  structure 

With  an  increase  in  test  temperatures  the 
inelasticity  of  these  ceramics  was  first  decreased 
(the  brittleness  measure  %  was  increased),  then  it 
increased  (the  brittleness  measure  %  was 
decreased),  as  this  was  earlier  obtained  for 
inelastic  ceramics  exhibiting  microfractures  under 
loading  (Fig.  2). 


Fig.  2.  Temperature  dependences  of  the  brittleness 
measure  %. 

It  is  not  inconceivable  that  this  effect  is  associated 
with  Mott  transition  (insulator-metal  transition) 
affecting  the  strength  and  deformability  of 
perovskites.  However,  for  final  conclusion, 
additional  studies  would  be  necessary. 

Vickers  fracture  toughness  tests  demonstrated  its 
increase  with  an  increase  in  a  crack  length 
(indentation  load).  Figure  3  depicts  calculation 
data  corresponding  to  the  formation  of  the  median 
cracks  (1),  which  were  observed  in  our  case  (Fig. 
4),  and  Pamqvist  cracks,  which  are  most  often 
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observed  in  the  tests  of  conventional  ceramics.  The 
data  show  that  LaCoO-,  perovskites  and  other 
inelastically  deformed  ceramics,  display  fracture 
described  by  the  R-curve.  However,  in  our  case,  it 
is  probably  connected  with  ferroelastic  domain 
switching  in  the  area  of  crack  propagation. 

Fig.  3.  Variation  of  Kv  values  as  a  function  of  the 
mean  length  of  a  crack  near  Vickers  impression 
angles  (100  N  load):  Lawn  and  Marshall  (1)  and 
Niihara  et  al.  (2)  calculations. 

As  is  seen  in  Fig.  4,  the  crack  near  the  impression 
angles  are  less  expendecj  on  the  Specimen  surface 
than  in  its  depth.  Such  an  observation  call  into 
question  the  validity  of  Kv  calculation  by 


commonly  accepted  equations. 


Fig.  4.  Photos  of  the  Vickers  impression  zone  on  a 
Lao 8Ca0,2CoO3  specimen:  surface  (a)  and  grinding- 
of  of  surface  layer  (b). 

Fracture  toughness  was  also  determined  (Fig.5) 
upon  bending  of  specimens  with  a  5-8  pm  V- 
notch  radius  (SEVNB  method  [2]).  At  the  same 
time,  its  dependence  on  phase  transformations  and 
other  effects  controlling  the  fracture  toughness  of 
these  materials  was  revealed. 

Much  attention  was  also  given  to  studying  the 
relations  of  the  load  on  a  conical  microindenter  and 
its  displacement  in  the  materials,  fracture  surfaces 
of  specimens  (in  many  cases,  twins  were  found), 
strength  in  uniaxial  compression,  etc. 
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ceramics,  J.Am.Cer.Soc.  2001,  v.  84,  No 
9,  pp.2029-2033. 

2.  Gogotsi  G.  A.,  Fracture  Toughness  Studies  on 
Ceramics  and  Ceramic  Particulate  Composites  at 
Different  Temperatures  //  Fracture  Resistance 
Testing  of  Monolithic  and  Composite  Brittle 
Materials,  ASTM  STP  1409,  J.  A.  Salem,  G.  D. 
Quinn,  and  M.  G.  Jenkins,  Eds.,  American 
Society  of  Testing  and  Materials,  2002,  pp.  199- 
213. 
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OPTIMISATION  OF  STRUCTURE  OF  ALLOYS  OF  THE  SYSTEM  CU-AL- 
NI-ME  HAVING  MARTENSITE  TRANSFORMATION  FOR  WORK  IN 
CONDITIONS  OF  SLIDING  FRICTION 

O.A.Shcheretskv,  V.G.Novytskyy,  V.L.Lakhnenko,  V.S.Shumikhin,  V.P.Havryliuk 

Physico-technological  Institute  of  Metals  and  Alloys  of  NASU 


Modem  machine-building  development 
tendencies  are  direct  connected  with  tribology, 
development  and  improvement  of  tribo-materials. 
Amongst  all  diversity  of  tribo-materials  the 
copper-based  alloys  are  of  special  interest  as  the 
most  in  daily  use  for  pillow  of  sliding. 

Lately  capacity  of  majority  of  machines 
and  equipment  was  considerable  increased,  that 
has  caused  to  increasing  of  loading  on  friction 
units. 

In  order  to  increase  wear  resistances  of 
units  undergoing  the  most  violent  wear  numerous 
methods  of  reinforcing  of  initial  surface  of 
contacted  sections  such  as  manifold  types  of 
surface  plastically  deformation,  chemical-heat- 
treatment,  coating  by  chemical  (CVD)  and 
physical  (PVD)  methods,  etc.  are  used. 

These  methods  are  often  effective  within 
little  interval  of  technological  and  working  details 
parameters,  that  is  why  for  elevation  of  reliability 
and  longevity  of  friction  units  complex  using  of 
internal  structural  reserves  of  materials  becomes 
the  extra  topical. 

In  this  connection  employing  of  materials 
in  metastable  condition  with  high  level  of  their 
structure  unequilibrium  for  friction  units  is 
perspective.  Such  materials  have  ability  to 
dissipation  of  friction  power  due  to  structure  and 
phase  transformations,  that  precludes 
accumulation  of  critical  stresses  after  which 
destruction  of  material  arises. 

The  object  of  investigation  is  one  of  such 
materials,  alloys  having  martensite  transformation 
of  system  Cu-Al-Ni-Me.  Their  initial  structure  can 
be  changed  in  wide  interval,  depending  on 
alloying  and  regimes  of  heat- treatment. 

For  fulfilment  of  investigation  specimens 
were  molten  in  inductive  furnace  in  atmosphere  of 
argon.  Using  alloying  and  special  heat-treatment, 
alloys  with  different  parameters  of  martensite 
transformations  were  obtained. 

Alloys  were  tested  in  conditions  of  dry 
friction  under  scheme  block-on-ring.  Specific 
loading  was  1.77  MPa  and  sliding  velocity  was 
changed  within  interval  0.75-3  m/c. 


The  specimens  were  examined  with 
optical  microscope  and  by  X-ray  structural 
method. 

Obtained  result  permits  to  establish  the 
correlation  between  wear  resistance  studied  Cu- 
Al-Ni-Me-alloys  and  their  structure  and  to  show, 
that  their  wear  resistance  can  be  5-20  time  more 
then  wide  used  standard  bronze  have  which[fig.l]. 

Predominating  effects  proper  to  alloys 
with  martensite  transformation  having  the  largest 
influence  to  wear  resistance  have  been 
determined. 


Fig.l  Influence  of  the  sliding  speed  on  the 
intensity  wear-and-tear: 

1 .  Bronze  (Cu  -  5%Sn  -  5%Zn  -  5%Pb); 

2.  Cu-Al-Ni  (a+72)  -  phases; 

3.  Bronze  (Cu  -  9%A1  -  4%Fe); 

4.  Cu-Al-Ni  (y'-phase); 

5.  Cu-Al-Ni  (monocrystal  pi '  -  phase); 

6.  Cu-Al-Ni  (monocrystal  p  -  phase); 

7.  Cu-Al-Ni  (Pi '  -  phase); 

8.  Cu-Al-Ni  (P,  -  phase); 
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IMPULSE  THERMOSTABILITY  OF  COMPOSITE  MATERIALS  ON 

POLYMERIC  BINDING 

Paschenko  E..  Silchenko  Ya.,  Chernenko  A. 

V.N.Bakul  Institute  for  Superhard  Materials  of  the  National  Academy  of  Sciences  of 

Ukraine,  Kiev,  Ukraine 


Composites  on  the  basis  of  polymeric  bonds  are 
the  basic  type  of  materials  of  the  diamond  tools, 
which  are  used  for  machining  metals  and  cermet, 
and  on  finishing  operations  -  also  for  machining  a 
glass,  natural  stone  and  other  building  materials. 
Manufacture  and  the  consumption  of  such  tools  in 
the  world  continues  to  grow,  and,  according  to  the 
prognoses,  such  tendency  will  be  kept  in  the  future. 

The  most  important  elements  of  any  directed 
research  gains  in  the  field  of  development  of 
materials  are  scientifically  justified  criterions,  on 
which  the  functional  properties  of  composites  will 
be  improved. 

The  researches,  which  were  carried  out  last  time  in 
a  department  of  physico-chemistry  of  diamond- 
containing  composite  materials  of  ISM,  create 
necessary  preconditions  for  designing  of 
qualitatively  new  criterions  of  refinement  of 
polimeric-abrasive  composites.  This  preliminary 
backlog  contains  detailed  representations  about  a 
character  of  thermal  loadings,  to  which  is  exposed 
polymeric  component  of  materials  in  zone  of 
cutting. 

According  to  our  conceptions,  average  temperature 
in  zone  of  cutting  can  not  be  used  for  performance 
of  conditions,  in  which  the  destruction  of  a 
polymeric  grid  during  work  happens.  The  real 
process  develops  under  action  of  short  temperature 
impulses  (700  -  1000°  C),  considerably  exceeding 
boundary  of  static  thermostability  of  organic 
polymers.  Actually  polymeric  composite  (is 
exacter,  thin  working  stratum)  is  maintained  in 
conditions,  when  the  energy  of  thermal  oscillations 
of  its  basic  structural  units  (segments  of 
macromolecules)  can  be  compared  to  durability  of 
the  appropriate  chemical  bonds  of  a  polymeric 
grid.  As  during  work  of  the  tool  the  continuous 
renewal  of  such  working  stratum  happens,  it  is 
possible  to  state,  that  all  volume  of  polymeric 
composite  all  phase  of  its  resistance  contacts  to  a 
treated  material  extremely  in  such  "thermally 
superintense"  condition. 


The  high  intensity  of  temperature  impulses 
initiating  processes  in  polymeric  composites  in  a 
contact  zone  means  key  difference  of  contact 
destruction  from  destruction  at  static  heat  input. 
However  time  component,  namely  -  the  duration 
of  impulses  of  heat,  plays  the  not  less  important 
role.  The  processes  of  destruction  of  polymers 
have  a  relaxation  nature,  that  is  the  plurality  of  the 
elementary  acts  of  relative  transition  of  segments 
(or  other  kinetic  unites)  of  polymeric  grid  resulting 
in  to  tearing  up  of  bonds,  is  characterized  by  the 
particular  spectrum  of  relaxation  times. 

In  real  conditions  of  operation  of  polymer-abrasive 
composites  the  characteristic  duration  of  thermal 
impulse  resulting  in  destruction  of  a  polymeric 
grid,  is  close  or  less  characteristic  interval  of  time 
necessary  for  a  relaxation  of  segments  of 
macromolecules.  Therefore  majority  of  traditional 
views  about  a  behaviour  of  polymers  under 
thermomechanical  stress  becomes  in  this  situation 
inapplicable.  Actually,  studying  a  behaviour  of 
polymers  in  contact  zone,  we  deal  with  a  special 
state  of  substance,  namely:  substance,  which  has 
achieved  temperature  considerably  exceeding  a 
limit  of  it  thermostability,  but  yet  not  had  time  to 
react  to  it  by  the  relevant  structural  modifications. 
Such  condition  is  possible  to  name  "superintense". 

Obviously,  duration  of  such  phase,  when  the 
polymeric  grid  in  real  contact  with  countersurface 
already  has  received  powerful  temperature 
impulse,  but  has  not  reacted  on  its  with 
catastrophic  destruction  in  contact  microvolume,  is 
a  determinative,  which  defines  a  character  of  work 
of  the  tool. 

The  behaviour  of  polymeric  materials  in  a  similar 
situation  is  almost  not  explored.  It  concerns  as 
peculiarities  of  a  structural  condition  of  the 
"superintense"  polymeric  grids,  and  modes  of 
physico-chemical  influence  on  this  condition,  and 
also  correlation  between  duration  of  preservation 
"superintense"  state  of  polymer,  and  working 
performances  of  the  composite,  made  on  its  basis. 
The  duration  of  such  phase  can  be  considered  as 
performance  of  thermostability  of  polymer  under 
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an  operation  of  short  high-temperature  impulses  or, 
shorter,  impulse  thermostability.  Impulse 
thermostability  of  the  bond  can  be  used  as 
qualitatively  new  criterion  promising  essential 
refinement  of  the  diamond  tool  on  a  polymeric 
basis. 

The  quantitative  definition  of  magnitude  of 
impulse  thermostability  of  a  material  requires  use 
of  methods  of  mass-spectrometry  and  thermal 
analysis  and  is  based  on  existence  of  correlation 
between  micromechanical  performances  of 
destructing  layer  of  polymer  and  magnitude  of  loss 
of  a  mass  in  process  of  destruction.  We  offer  to 
determine  this  index  as  time,  for  which  the  sample 
loses  50%  of  initial  microhardness  (other 
micromechanical  performances)  at  temperature 
corresponding  maximum  velocity  of  loss  of  a  mass 
of  a  sample.  For  various  investigated  compositions 
this  magnitude  changes  from  the  shares  of  second 
about  several  seconds. 

According  to  our  conception,  the  important 
physico-chemical  performance  of  a  polymeric  grid 
which  is  in  charge  of  magnitude  of  its  impulse 
thermostability  is  the  distribution  of  free  volume 
between  kinetic  unites  forming  a  structure  of 
polymer.  The  common  regularity,  found  out  by  us, 
consists  in  sharp  magnification  of  magnitude 
impulse  thermostability  at  a  diminution  of  a 
breadth  of  the  above  mentioned  distribution  of  free 
volume.  The  molecular  mechanism  underlying  this 
appearance  is  connected,  apparently,  with  known, 
but  poorly  claimed  at  description  of  solids 
reactions  “effect  of  a  cell”.  In  this  case  this  effect 
is  exhibited  that  the  radical  fragments  formed  at  a 
rupture  of  chemical  bond  of  polymer  under  an 
operation  of  powerful  short  thermal  impulse  have 
no  time  to  move  from  each  other  on  a  large  enough 
distance,  and  with  high  probability  recombine.  In 
an  outcome  instead  of  avalanche  increase  of 
volumetric  concentration  of  ruptures  the  system  of 
“blinking”  connections  is  formed,  that  allows  to 
keep  a  high  level  of  micromechanical 
performances  of  superficial  stratums  of  composite. 
The  gradual  accumulation  of  ruptures  of  a 
polymeric  grid  happens  in  this  case  too.  Thus  each 
“implemented”  rupture  raises  probability  of 
ruptures  of  the  next  bonds,  as  submits  additional 
free  space  for  separation  of  next  formed  radical 
pairs.  A  role  of  a  breadth  of  a  distribution  function 
of  free  volume  to  segments  of  a  polymeric  grid 
from  here  is  quite  obvious:  the  diminution  of  a 
share  of  segments,  for  which  the  magnitude  of 
accessible  free  volume  exceeds  most  probable, 


constrains  self-accelerating  process  of 
accumulation  of  ruptures. 

In  conditions  of  destruction  under  an  operation  of 
short  high- temperature  impulses  the  real 
accumulation  of  ruptures  of  connections  happens 
on  those  sites  of  a  chain,  on  which  the  radical 
fragments  are  formed  not  in  singlet,  but  in  triplet 
condition.  Probability  in  this  case  is  great  that  the 
final  fragment  will  come  off  a  grid  as  triplet  free 
radical,  which  is  not  inclined  to  a  recombination. 
Such  radical  particles  rather  easily  reach  a  treated 
surface  and,  are  adsorbed  on  it,  essentially 
facilitate  process  of  abrasive  cutting. 

Total  of  fugitive  yields  of  destruction,  evolved  by  a 
polymeric  composite  in  zone  of  friction,  at 
magnification  of  an  impulse  thermostability  of  a 
material,  sharply  decreases.  However  both  the 
share,  and  absolute  amount  of  hitting  in  zone  of 
friction  triplet  radicals  rendering  the  greatest  action 
on  a  treated  surface  appears  the  more,  the  more  is 
index  of  impulse  thermostability  of  composite. 

Thus,  the  perfecting  of  polymeric-abrasive 
composites  basing  on  a  criterion  of  impulse 
thermostability,  allows  to  pursue  collaterally  two 
contradicting  each  other  purposes:  to  raise  wear 
resistance  of  a  material  and  to  reduce  contact 
forces  and  temperatures,  explicatings  in  process  of 
abrasive  cutting. 

On  the  basis  of  polymeric  composites  with 
heightened  impulse  thermostability  we  design  wide 
range  of  tools  with  usage  of  diamonds,  cubic  boron 
nitride  and  usual  abrasives.  Such  tools  now  is 
successfully  used  by  different  customers  in 
Ukraine,  Czechia,  Hungary,  Germany  for  grinding 
and  finish  machining  of  hardened  steels,  hard 
alloys,  ceramic  materials,  natural  stone. 
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The  actuality  of  this  problem  is  adjusted  by 
absence  of  technological  and  construction 
materials  that  have  small  specific  gravity,  enough 
level  of  corrosion,  radiation  and  heat  resistance  in 
the  same  time  at  temperature  T  >  1273  K  by  the 
terms  of  high  pressing  and  temperature  hopping. 

Have  been  learned  the  destruction  limit  of  the 
stratified  composite  field  Cr-V  system  by  the 
theoretic  and  experimental  foundation  structure- 
dimension  hardness,  sensitivity,  plasticity  and 
viscosity  and  a  possibility  to  regulate  this 
parameters  by  the  way  of  modification  layer 
thickness  have  been  established. 

It  is  shown  that  when  the  8,  layer  thickness  (A.)  is 
smaller  then  10  pk,  soundness  and  crack 
durability  of  composite  field  grows.  These 
absolute  values  of  shown  characteristics  can 
become  3  and  more  times  bigger  than  for  the  basic 
chromium  alloy. 


volume  consistence  of  components  results  to 
increase  of  soundness  and  decrease  the  speed  of 
thermocyclic  afterflow  in  the  temperature  interval 
293-1373  K. 

The  speed  of  thermocyclic  afterflow,  as  it  proved, 
can  be  shown  as  equal: 

i  =  B-o 

Where  B,P  -  constant  coefficients,  cr  -  pressure  in 
the  cycle. 

There  is  an  exponential  dependence  between  the 
stress  and  number  of  thermal  cycles  before 
fracture  in  the  temperature  and  time  limit  under 
study: 

N  ^A-e~a-a 
P 

where  A,  a  -  constants. 


The  experimental  values  of  hardness  limit  of  the 
Cr-V  composite  field  can  be  approximated  by 
equations: 


cr 


0  .IK 


Co,r  + 


^  G(Cr+V)  ’  Cr+V ) 
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a,.. 


a ,  Gr  br  .  . 


a,  ■  G,  ■  b.. 
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In  practice,  the  authors  prove  the  prospects  of  the 
idea  of  creation  of  high-temperature  high-strength 
materials  of  a  new  generation  by  using  layered 
polymatrices  hardened  by  high-modulus  fibers  as 
a  base.  The  object  of  research  is  polymatrix 
composite  material,  the  basis  of  which  consists  of 
Cr-V  layers  and  in  addition  is  hardened  by  fibers 
of  alloys  of  tungsten. 


Where  a=35  -  non-dimensional  coefficient, 

a,=17pk-'/2,  a2=35  pk,/2. 

It  have  been  investigated  the  impaction  of 
structure-dimension  parameter  to  the  thermocyclic 
afterflow  and  long  time  durability  in  stratified 
composite  field  Cr-V.  It  has  been  established  that 
the  reduction  of  5;  layer  thickness  with  constant 


It  have  been  investigated  mechanical  features  of 
first  made  composites  (Cr-V)  -  BP-5,  (G-V)  - 
BP-20,  and  shown  that  these  materials  with  a 
volume  part  of  fibers  20%  have  hardness 
1215  MPa  with  relative  lengthening  up  to  7%. 
Hundred  hour  hardness  at  temperature  1273  K  is 
more  than  120  MPa. 
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DEPOSITION  OF  a-C:H  FILMS  ON  NON-CONDUCTING 
SUBSTRATES  BY  TWO  DIFFERENT  PACVD  TECHNIQUES 

Varshavskayal.G.,  BukhovetsV.L..,  Ravi  N.(1) 

Institute  of  Physical  Chemistry  of  Russian  Academy  of  Sciences,  Moscow,  Russia 
(1  international  Advanced  Research  Center  for  Powder  Metallurgy  and  New  Materials, 

Hyderabad,  India 


a-C:H  films  have  been  obtained  in  hydrocarbon  rf 
glow  discharge  implemented  in  two  different  ways, 
namely,  three-electrode  (or  two  discharge)  and  two- 
electrode  (or  single  discharge)  modes.  PET  and  glass 
were  used  as  substrate  material. 

In  the  case  of  the  two-discharge  mode  the  first 
discharge  with  a  frequency  of  50  Hz  was  used  for 
activation  of  the  gas  medium  in  the  positive  column 
of  glow  discharge.  The  second  discharge  with  a 
frequency  of  250  kHz,  characterized  by  the  density 
of  the  deposition  current,  was  used  to  control  the  ion 
flux  to  the  deposition  surface.  A  cylindrical  quartz 
reactor  6  cm  in  diameter  was  used  in  the 
experiments.  Internal  electrodes  of  the  hollow 
cathode  type  were  placed  on  the  edges  of  the  reactor. 
Glow  discharge  was  ignited  between  the  two 
electrodes.  The  third  electrode  with  a  150  cm2  area 
was  placed  outside  on  the  reactor  wall  and  the  high 
frequency  field  was  fed  to  this  electrode.  The 
substrate  to  be  coated  by  DLC  film  was  place  inside 
the  reactor  just  over  the  third  electrode.  The  high- 
and  low-  frequency  voltage  sources  were  connected 
through  a  system  of  filters,  which  made  it  possible 
to  determine  independently  the  activation  and 
deposition  currents.  Methane  or  cyclohexane/argon 
mixture  were  used  as  a  precursor  gases.  Dependence 
of  film  deposition  rate,  film  microhardness  and 
absorption  coefficient  upon  gas  pressure,  gas  flow 
rate  and  deposition  current  density  was  studied,  a- 
C:H  films  deposition  rate  is  proportional  to  a 
precursor  gas  mass  flow  rate  whereas  it  has  a 
maximum  at  a  certain  deposition  current  density. 
Dependence  of  film  microhardness  on  the  precursor 
gas  mass  flow  rate  as  well  as  on  the  deposition 
current  density  has  the  pronounced  peak.  The 
stimulation  coefficient  was  introduced,  which  was 
the  ratio  of  two  fluxes  falling  onto  the  deposition 


surface,  namely,  the  ion  flux  and  the  precursor  gas 
molecules  flux.  In  the  case  of  the  single-discharge 
mode  a-C:H  films  were  deposited  in  a  rf  glow 
discharge  sustained  by  a  hydrocarbon  gas.  The 
deposition  system  was  very  asymmetric:  small 
central  powered  electrode  and  large  grounded  screen 
electrode.  250  rf  power  was  coupled  to  the  central 
electrode  which  served  as  a  substrate  holder.  The 
powered  electrode  was  subjected  to  a  negative  dc 
self-bias,  which  was  due  to  the  higher  mobility  of 
electrons  as  compared  to  ions  in  rf  regime. 

Voltage-current  characteristics  at  dc  and  rf  regimes 
both  for  skinned  and  masked  electrode  in  methane, 
argon  and  air  have  been  taken.  Dependence  of  bias 
voltage  on  the  discharge  parameters  such  as 
amplitude  voltage,  current  density,  gas  pressure  has 
been  determined  which  is:  Vg  ~  j  x  x  P"0>5. 
Both  the  active  and  reactive  components  of 
discharge  impedance  as  well  as  the  rf  current  lag 
relative  to  rf  voltage  have  been  found. 

Mass  gain  as  a  function  of  deposition  time  was 
studied.  It  is  linear  for  both  types  of  substrates  and 
its  value  for  PET  and  glass  differ  slightly. 
Dependence  of  a-C:II  films  deposition  rate  upon 
both  methane  pressure  and  bias  voltage  have  been 
examined.  Deposition  rate  has  a  weak  dependence 
on  the  methane  pressure  whereas  it  is  linear  with  the 
bias  voltage  and  does  not  depend  on  a  substrate 
thickness  up  to  its  certain  value,  because  impedance 
of  the  discharge  is  far  greater  than  that  of  the 
substrate. 

Molybdenum  substrates  were  exposed  in  the  air  rf 
discharge  at  various  values  of  bias  voltage  in  order 
to  determine  ion  energy  in  accordance  with  the 
depth  of  ion  penetration  which  has  been  measured 
by  EPMA. 
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Ti-Si  AS-CAST  ALLOYS 
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An  advantage  of  silicon  as  an  alloying  element 
for  titanium  alloys  is  in  the  possibility  for 
dispersive  strengthening  by  Ti5Si3  silicide 
particles  of  solid  and  refractory  phase.  Due  to  the 
eutectic  transformation  that  occursat  8.5  wt.%  Si, 
as-cast  Ti-Si  alloys  with  the  concentration  of  Si 
above  ~3%  are  natural  composites,  with  very 
promising  high  temperature  and  wear  resistance 
property'  [1],  Therefore,  analysis  of  relationships 
between  composition,  microstructure  and 
mechanical  properties  in  the  Ti-Si  alloy  system  is 
a  crucial  scientific  challenge.  There  have  been 
only  few  papers  on  Ti-Si  alloys  with  high 
concentrations  of  Si  published  so  far  [1-3], 
Directionally  crystallized  Ti-Ti5Si3  eutectics  [2] 
and  the  effect  of  some  modifying  elements  on 
microstructure  of  the  eutectic  alloys  have  been 
investigated. 

The  present  work  studies  the  microstructure  and 
mechanical  properties  of  Ti-Si  cast  alloys  within 
a  composition  range  from  zero  to  8.5  wt%  Si.  The 
alloys  were  prepared  from  iodide  titanium  and 
ion-crystalline  silicon  using  vacuum-arc  melting. 
The  cast  mgots  were  15  mm  in  diameter  and 
80mm  in  length.  Tensile  tests  were  conductedon 
specimens  with  the  gauge  of  3  mm  diameter  and 
37  mm  long.  Creep  resistance  was  measured  as 
long-term  hardness  after  1-hour  indentation  with 
9.8  N  load  [4], 

Tensile  properties  depended  on  the  alloy 
composition  and  the  morphology  of  reinforcing 
silicide  phase.  Tensile  strength  (ag)  increased 
from  -300  MPa  to  700  MPa  when  the  silicon 
concentration  increased  from  0  to  2%,  Figure  1, 
probably,  due  to  an  increase  in  the  silicon  content 
in  the  HCP  alpha  phase  and  precipitation  of 
secondary  Ti5Si3  particles.  Indeed,  optical 
microscopy  revealed  no  primary  T^Siy  silicide 
particles,  while  TEM  analysis  found  fine 
precipitates  of  secondary  silicides,  mainly  at 
dislocations. 

An  abrupt  decrease  in  strength  that  occurred  in 
the  range  of  2-3  %Si  was  probably  a  result  of 
formation  of  a  new  constituent,  i.e.  eutectic, 


Figure  1(a).  A  subsequent  rapid  increase  in 
strength  at  higher  concentrations  of  Si  can 
berelated  to  an  increase  in  the  volume  fraction  of 
the  eutectic. 


Ti  - -  S,\  % 


Ti  - "  SiZ 

Fig.  1.  Dependence  of  tensile  strength  (a)  and 
elongation  (b)  on  Si  content  in  Ti-Si  cast  alloys:  o,  A 
are  results  of  the  current  work,  x  is  data  from  [3]. 

Elongation  decreased  rapidly  from  -30%  to 
almost  0%  when  concentration  of  Si  increased 
from  0  to  3%,  Figure  1(b).  During  further 
increase  in  the  Si  content,  elongation  increased 
slightly  to  0.4%  at  6%  Si  and  then  decreased 
again  to  0%  at  8.5%  Si.  X-ray  study  showed  that 
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the  lattice  parameters  of  the  alpha  phase  decrease 
when  the  concentration  of  silicon  increased  from 
0  to  4%  (Fig.  2).  During  further  increase  in  the  Si 
concentration,  the  lattice  parameters  increase 
slightly  and  then  remain  unchanged  in  the  range 
of  6  -  8.5%  Si.  Such  a  behavior  in  the  lattice 
parameters  may  indicate  that  the  concentration  of 
Si  in  the  alpha  phase  increases  continuously  the 
concentration  range  of  0-4%  Si,  and  probably  Si 
is  in  a  supersaturated  solid  solution.  Indeed, 
according  to  the  phase  diagram,  maximum 
equilibrium  solubility  of  Si  in  the  alpha  phase  is 
less  than  1%;  therefore,  at  concentrations  of  Si  in 
the  alloy  exceeding  this  limit,  the  lattice 
parameters  of  this  phase  decrease  only  if 
supersaturated  solid  solution  is  formed.  An 
increasing  volume  fraction  of  the  eutectic  in  the 
range  of  4-8%  Si  lead  to  a  decrease  in  the 
concentration  of  Si  in  the  alpha  solid  solution.  It 
can  be  seen  from  Figure  2  that  the  concentration 
of  Si  in  the  solid  solution  decreases  to  a  value 
corresponding  solubility  of  Si  in  the  Ti-2%Si 
alloy. 


Fig.  2.  Lattice  parameter  variation  ofTi-Si  as-ast 
alloys  (*)  and  after  annealing  at  800  °C,  2  hours, 
vacuum  10~$  Torr  (x). 

The  effect  of  Si  on  creep  resistance  is  shown  in 
Figure  3.  At  500°C,  the  creep  resistance  has 
maxima  at  2%  Si  and  6%  Si  and  a  minimum  at 
-3.5%  Si.  At  700°C,  the  minimum  is  observed  at 
4%  Si;  the  creep  resistance  increases  continuously 
at  Si  concentrations  above  4%. 

Vacuum  annealing  at  800°C  for  2  hours  led  to  an 
increase  in  the  lattice  parameters  of  the  ot-solid 
solution,  indicating  a  decrease  in  the 
concentration  of  Si  in  this  phase  after  annealing. 


Conclusions: 

1.  In  Ti-Si  as-cast  alloys  their  a-solid  solution  is 
oversaturated  with  silicon  at  real  rates  of  cooling. 
The  degree  of  over  saturation  is  around  0.1  to  0.2 
of  the  total  content  of  silicon  in  the  alloy.  The 
vacuum  annealing  at  800  °C  provides  a  lowering 
of  silicon  concentration  nearly  to  an  equilibrium 
value. 

2.  In  spite  of  the  embrittling  influence  of  silicon 
on  titanium,  the  most  significant  interest  for  the 
development  of  as-cast  refractory  alloys  of 
titanium  can  be  in  compositions  containing  up  to 
2  %  of  Si,  and  pre-eutectic  ones  containing  4  to  6 
%  of  Si.  Plasticity  of  alloys  can  be  improved 
through  the  use  macro  and  micro  alloying,  or 
plastic  deformation  (hot  pressing,  forging  etc.). 
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Fundamental  essence  of  spark  treatment  consist  in 
utilization  of  spark  charge  in  gases  medium.  This 
process  consist  in  anode  material  erosion  and 
deposition  of  this  products  to  catode.  Pulse  and 
temperature  loadings  and  material  transport  leads 
to  formation  of  layer  with  complicate 
composition  and  structure. 

Choice  of  alloying  electrode  material  based  on 
accounting  of  phase  formation  process  in  alloyed 
layer  and  residual  stresses  formation  process  in 
the  coatings. 

Electrode  materials  which  were  investigated  in 
this  work  belong  to  two  groups  on  nitride  base: 

1 .  on  nitrides  and  intermetallides  base  with  plastic 
bunch  on  nickel  base 

2.  on  WC  and  TiC  carbides  base  with  metal  bunch 
of  cobalt. 

Eutectic  alloys  of  Ni-Cr-Al  system  concern  to 
first  group.  Main  advantage  of  this  alloys  is  low 
melting  temperature  and  formation  of  thin 
conglomerate  structure  by  spark  treatment 
process. 

As  anodes  for  spark  alloying  (SA),  the  most 
characteristic  alloys  were  chosen,  namely,  A1 
which  is  a  binary  Ni-Cr  alloy  of  eutectic 
composition  according  to  the  phase  diagram.  A2 
which  is  ternary  Ni-Cr-Al  eutectic  alloy,  A5 
which  is  ternary  Ni-Cr-Al  alloy  located  in  the 
quasibinary  Cr-Ni-AI  section  and  A6  which  is  a 
Ni-Cr-Al-Y  alloy  analogous  to  the  second 
eutectic  composition  and  is  alloyed  by  2  mass  % 
of  yttrium. 

SA  was  carried  out  on  an  EFI-46A  equipment 
under  the  following  conditions:  a  specific 
treatment  time  of  10  min/cm^;  an  oscilation 
frequency  of  a  vibrator  of  100  Hz;  a  short  circuit 
current  of  1 .5  A. 


Electrodes  for  SA  were  made  by  two  methods, 
namely,  high-energy  hot  pressing  in  vacuum 
(HEHP)  and  melting  in  arc  furnace  with  a 
nonconsumable  tungsten  electrode  in  a  protective 
atmosphere. 

It  has  been  shown  that,  in  cast  alloy  1A,  biphase 
eutectic  structure,  consisting  of  Ni-based  y-solid 
solution  and  Cr-based  a-solid  solution,  is 
observed.  An  analogous  phase  composition  is 
observed  in  hot-pressed  alloy  1A. 

In  cast  and  hot-pressed  alloys  4A  and  6A,  a 
triphase  structure  consisting  of  an  a,  y  and  P(Ni- 
Al)  phase  is  observed. 

In  cast  alloy  6A,  the  intermetalic  phase  N^Y, 
located  along  boundaries  of  eutectic  colonies,  was 
detected.  In  hot-pressed  alloy  6A,  the  oxide  phase 
Y2O3  was  identificated. 

The  X-ray  studies  of  spark  coatings  showed  the 
presence  of  intermetalic  phases  containing  iron 
and  the  metals  of  anode.  In  the  coating  from  alloy 
1A  (Ni-Cr),  the  intermetallic  compounds  NiAl, 
CrAl  and  FeNi,  as  well  as  carbides  FeC  and 
complex  8-Ni0-Al203  type  oxides  were  detected. 
In  the  coatings  from  cast  alloy  6A  (Ni-Cr-Al-Y), 
a  phase  containg  yttrium  in  the  form  of  anoxide  or 
an  intermetalic  component  was  not  detected  by 
radiographic  analysis.  In  the  case  of  SA  by  hot- 
pressed  alloy  6A,  the  intermetalic  phases  NiAl, 
CrAl,  FeNi,  AI3Y  and  NiAIY  were  identfied  in 
the  coating. 

Wear  resistance  tests  of  the  coatings  were 
performed  in  MT-68  test  unit  on  5x10.5x15  mm 
specimens  in  dry  friction  in  air  with  65G  steel 
conterbody. 
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In  the  tests  the  friction  coefficient  f  and  the 
intensity  of  wear  of  a  specimen  I  (mm/km)  were 
determined. 

The  test  conditions  were  as  follows:  a  slip  speed 
V=10  m/s,  a  load  of  5  kg.  Friction  coefficient  is 
equal  0.26-0.30  for  coatings  which  deposited  by 
melted  electrodes  and  electrodes  obtained  by 
HEHP  method.  More  wear-resistance  have  5A 
alloy.  Significance  of  wear  9.3  mkm/km  is 
commersuable  with  1=10  mkm/km  wear  of  BK-34 
alloy. 

Electrode  materials  on  titanium  nitride  base  with 
nickel  bunch  utilize  for  receiving  spark  coatings 
with  high  oxidation  resistance  in  agressive 
medium.  Phase  composition  of  spark  coatings 
include  T^Ni,  TiNi,  TiNi03,Ni203 
mtermetallides  and  Ti-Ni-Fe  hard  solutions. 
Particles  TiC>2  and  NiO  present  in  erosion 
products.  It  is  determined  that  optimal 
tribotechnical  and  mechanical  characteristics  have 
composition  with  (15-20)%mass.  of  plastic  bunch 
on  nickel  base. 

One  of  significant  lacks  of  spark  treatment  is  limit 
depth  of  coating.  This  depth  depend  on 
mechanical  propertyes  of  coating  material 
sufficiently.  Process  of  tight-melting  materials 
plotting  to  steel  leads  to  cavitation  mixation  of 
this  material  with  surface  material.  On  condition 
of  utilization  of  tungsten  carbide  alloys  for 
recieving  wear-resistance  coatings  in  surface 
layer  formed  composition  material  with  ferrum 
content  commersuable  with  tungsten  carbide 
content.  Bunch  of  coating  composite  is  steel  with 


significant  concentration  of  WC  and  Co.  Chrome 
addition  4%mass.  to  steel  leads  to  increasing  of 
steel  ferrite  strength.  Chrome  addition  to  WC-Co 
electrode  material  leads  to  such  result.  This 
addition  allow  to  increase  deposition  of 
strengthed  material  on  surface  up  to  40-60%. 
Hardness  of  coating  increased  to  3-4  GPa  in  this 
conditions. 

Residual  stress  distribution  in  spark  coatings  is 
significant  factor  on  choice  of  alloyed  electrodes 
on  tight-melted  carbides  base.  Investigation  of 
this  characteristics  were  worked  out  in  coatings 
obtained  on  steel  by  spark  treatment  of  hard  alloy 
with  content  (15%TiC+6%Co,  rest  WC). 

X-ray  phase  analysis  of  this  coating  showed 
presence  of  W2C,  TiC  carbides  and  pure 
tungsten.  This  investigations  showed  formation  of 
tensile  residual  stresses  150  MPa  in  TiC  carbide 
phase.  Residual  stresses  with  200  and  110  MPa 
magnitude  accordingly  formed  in  products  of 
tungsten  carbide  desintegration.  This  products 
consist  in  W2C  and  W  mixation. 

Austenite  layer  has  not  residual  stresses 
practically.  This  austenite  layer  leads  to 
relaxation  of  residual  stresses  on  "surface- 
coating"  boundary.  This  phenomenon  is 
significant  on  high  energy  regimes  of  spark 
treatment.  Plastic  austenite  layer  can  play  buffer 
role  between  the  base  and  fragile  components  of 
coating  on  micro  percusive  mechanical  loadings 
ins  exploatation  process  of  details  with  wear- 
resistance  materials. 
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PECULIARITIES  OF  MECHANICAL  ACTIVATION  OF  TITANIUM  IN 
THE  PRESENCE  OF  WATER  AND  ALCOHOL 

Kharlamov  A.I.,  Antonova  M.M.,  Bobet  J.L.(I).  Khomko  T.V.,  Ushkalov  L.N., 
Fomenko  V.V.(2),  Kosourukov  P.A. 

Institute  for  Problems  of  materials  Science,  Kiev,  Ukraine 
^Institute  of  Condensed  Matter  Chemistry  at  Bordeaux,  France 
(2)National  University  of  Food  Technologies,  Kiev,  Ukraine 


High-capacity  metals  in  respect  to  hydrogen 
require  the  certain  treatment  before  the  first 
sorption  of  hydrogen.  Especially  when  we  deal 
with  such  high-active  metals,  as  Be,  Al,  Mg  and 
Ti.  After  direct  contact  with  hydrogen,  they  do 
not  tend  to  form  hydrides  without  being 
previously  activated.  However,  these  very 
elements  and  their  alloys  form  hydrides 
characterized  the  highest  content  of  hydrogen. 

In  our  work  the  method  of  mechanochemical 
treatment  of  metals  and  alloys  for  activation 
materials  before  sorption  of  hydrogen  was  used. 
Titanium  was  chosen  as  an  model  object  because 
of  its  high  capacity  and  modest  cost  of  metal 
itself. 

Mechanochemical  treatment  was  carried  out  in  a 
high-rate  planetary  mill  with  metallic  drums  and 
metallic  balls.  Water  and  alcohol  were  used  as 
dispergation  media.  Weights  of  titanium  loaded 
were  6,  10,  and  20  g.  X-ray  patterns  were  taken 
using  DRON-3M  (CuKa)  X-ray  diffractometer. 
Hydrogenation  of  Ti  powders  was  performed 
directly  after  the  treatment  in  a  mill  on  Siverst’* 
type  device.  Absorption  of  hydrogen  was 
measured  regarding  the  change  of  pressure  in  a 
closed  system  with  volume  about  65  cm3,  initial 
pressure  0.1  M  Pa  was  fixed  to  the  normal  in 
constant  intervals  (5  min.)  with  following 
noticing  of  hydrogen  absorbed.  Dehydriding  was 
carried  out  in  vacuum  13  Pa.  Temperature  at 
which  hydrogen  started  to  evolve  and  its  amount 
were  noticed  as  well. 

Analysis  of  X-ray  spectra  showed  that  under  the 
mechanical  activation  during  20  min.  the  peak 
corresponding  to  TiHx  hydride  phase  (2  ©  «  86^) 
is  present  in  X-ray  patterns  (fig.l).  On  the  other 
hand,  peaks  corresponding  to  titanium  oxide 
formation  are  absent.  Further  increase  of  the 
treatment  duration  results  in  lowering  of  this  peak 
and  after  40  min.  of  activation  in  a  mill  one  can 
observe  transformation  of  Ti  powder  in  the  X-ray 
amorphous  state  occurred  due  to  significant 


dispergation,  which  could  be  attributed  to 
formation  of  “fragile”  TiHx  phase. 


Fig.l  X-ray  patterns  of  titanium  powder.  1 -initial 
Ti,  2,  3,  4  and  5-treated  in  water  during  20,  30,  40 
and  80  min.,  respectively. 


Fig.  2  Dependence  of  hydrogen  content  in  the 
hydride  phase  on  duration  of  Ti  milling  in  water. 
Weight  of  titanium  loaded  in  a  drum:  1-6  g.,  2-10 
g.,  and  3-20  g. 
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Fig.  3  Dependence  of  total  content  of  hydrogen  in 
a  hydride  material  on  duration  of  milling.  Weight 
of  titanium  loaded  in  a  drum:  1-6  g.,  2-10  g.,  and 
3-20  g. 


Fig.  4  Influence  of  the  mechanical  treatment 
medium  on  concentration  of  hydrogen  in  a 
hydride  material.  1-  water,  2-alcohol. 

It  was  found  out  that  hydrogen  concentration  in 
the  hydride  phase  is  higher  when  weight  of  loaded 
in  a  drum  titanium  powder  is  lower  (fig.2).  Total 


content  of  hydrogen  in  the  whole  weight  loaded  in 
a  drum  is  higher  when  mass  of  powder  is  higher 
(fig.3).  It  is  worth  noticing  that  formation  of  the 
hydride  phase  occurs  when,  as  dispergation 
medium  was  also  used  alcohol.  It  was  shown  that 
amount  of  hydrogen  evolved  insignificantly 
depends  on  medium  of  the  treatment  up  to  80 
min.  of  activation.  After  the  treatment  exceeds 
that  time,  it  was  noticed  that  for  10  and  20  g. 
loaded  titanium  powder  we  have  more  hydrogen 
evolved  in  water  than  alcohol  (fig.4).  The  process 
of  mechanical  activation  of  titanium  powder  was 
also  accompanied  by  grinding  of  iron  from 
metallic  drums  and  balls  (fig.5).  It  was  shown  that 
the  highest  amount  of  iron  has  been  ground  when 
20g.  of  titanium  powder  was  treated  in  a  mill. 


H.% 


Fig.  5  Dependence  of  Fe  content  in  titanium 
powder  on  milling  duration  and  amount  of  Ti 
powder.  Weight  of  titanium  loaded  in  a  drum:  1-6 
g.,  2-10  g.,  and  3-20  g. 

Thus,  mechanochemical  treatment  of  titanium 
powder  results  in  both  the  activation  of  titanium 
powder  itself  and,  what  is  more  interesting, 
formation  of  titanium  hydride  phase  TiHx. 
Moreover,  the  formation  of  titanium  hydride 
occurs  under  treatment  of  the  powder  in  water  as 
well  as  alcohol.  Therefore,  mechanochemical 
activation  is  a  promising  method  for  development 
of  new  and  improvement  of  existing  as  hydride 
materials  as  methods  of  their  obtaining. 
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MECHANOCHEMICAL  TREATMENT  AS  AN  EFFICIENT  MEAN  TO 
MODIFY  SUBSTANCE  TEXTURE 


Kharlamov  A .1,  Ushkalov  L.N.,  Bobet  J.L.O),  Gubareni  N.I.,  Bondarenko  M.E.,  Shipovskiy  V.  Yu. 

Institute  for  Problems  of  Materials  Science,  Kiev,  Ukraine. 

(l)lnstitute  de  la  Matiure  Condensue  de  Bordeaux,  Pessac,  France. 


It  is  well  known  that  reactivity  of  solids  strongly 
depends  on  their  surface  properties.  Generally, 
the  properties  vary  with  the  conditions  of  the 
synthesis,  which  determine  the  texture,  particle 
size,  specific  surface  area,  type  of  crystal  face 
exposed  and  the  number  of  active  sites.  One  of 
the  most  promising  methods  to  modify  these 
parameters  is  the  mechanochemical  treatment 
(MCT). 


In  this  report  results  of  investigations  of  structure 
and  state  of  oxide  systems  after  MCT  in  different 
media  are  presented.  Powders  of  V2O5,  M0O3 
which  are  catalysts  of  many  important  industrial 
processes  were  used  as  initial  reagents. 


Mechanochemical  treatment  was  carried  out  by 
means  of  a  high-energy  planetary  ball  mill  in 
media  such  as  water,  ethanol  and  in  air  with  the 
duration  of  milling  varying.  Specific  surface  area 
was  measured  using  the  nitrogen  desorption 
method  by  means  of  “Gasohrom-1”  device.  X-ray 
patterns  of  powders  were  obtained  by  means  of 
“Dron-lM”(CuKa)  device.  The  surface 
composition  was  investigated  employing  VG 
ESCA-3  (AlKa)  spectrometer  (XES  method)  and 
IR-spectroscopy.  Morphology  of  samples  was 
observed  by  tunnel  electron  microscopy  (TEM). 
From  data  performed  in  Table.  1  one  can  see  that 
along  with  dispergation  of  oxide  powders 
considerable  modification  of  samples  texture 
takes  place.  It  worth  noticing  that  the  extent  of 


Table  1.  Relative  intensities  of  characteristic  peaks  in  dependence  on  the  duration  and  medium  of 
dispergation  and  specific  surface  areas  of:  a  -  V2O5,  b  -  M0O3. 


a) 


Treatment  in  ethanol 


Treatment  in  water 


Dry  milling 
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texturing  depends  much  not  only  on  the  duration 
of  treatment  but  also  medium  of  dispegation. 
Study  of  XES  spectra  revealed  that  besides  the 
modification  of  oxides  texture  there  are 
considerable  changes  in  composition  of  their 
surface.  After  5  min.  of  MCT,  low-energy  peaks 
responding  to  vanadium  ions  in  reduced  state 
(V4+)  are  observed.  Mechanical  treatment  of 
M0O3  in  water  results  in  partial  amorphisation  of 
samples  and  emergence  of  weak  reflexes  which 
characterize  M0O2.8  phase.  But,  unlike  remark¬ 
able  modification  of  texture  of  oxide  systems,  no 
any  significant  difference  in  relative  intensities  of 
characteristic  peaks  in  Si3N4  and  TiC  X-ray 
patterns  in  comparence  with  those  of  initial 
powders  was  noticed  (Fig.  la,b,d,e).  However, 
considering  X-ray  patterns  of  Si3N4  sintered  it  is 
clearly  seen  that  relation  of  intensities  of  main 
peaks  are  noticeably  different  than  that  of 
powderous  Si3N4  (Fig.  la,c).  The  influence  of 
temperature  on  texture  the  most  obviously  can  be 
seen  studing  X-ray  patterns  of  VOHPO4  and 
(VO)2P207  systems  which  are  high-temperature 
(above  400^C)  catalysts  of  partial  carbon- 
hydrogen  oxidation  (Fig.  2).  What  is  the  most 
exciting  that,  when  heated,  VOHPO4  is  not  only 
textured  but  also  morphology  of  its 


Fig.  1.  X-ray  patterns:  a-initial  Si3N4  powder, 
b-mechanotreated  during  48  hours,  c-sintered 
Si3N4  powder,  d-  initial  TiC  powder,  e-TiC 
mechanotreated  during  48  hours. 


Fig.  2.  X-ray  patterns  of  pyrophosphate  vanadyl: 
a-initial  powder,  b-mechanotreated  in  air  during 
30  min.,  c-oxidized  in  air. 


Fig.  3.  TEM  image  of  VOHPC>4*0,5  H2O  treated 
in  vacuum  at  400^0. 

particles  transforms  into  the  laminar  structure 
(Fig.  3). 

Thus,  in  this  paper  it  can  be  concluded  that  MCT 
of  oxide  systems  results  in  significant 
modification  of  as  samples  texture  as  composition 
of  their  surface.  It  was  also  shown  that  state  of 
powders  mechanically  treated  depends  not  only 
on  nature  of  samples  (oxides  or  nitrides)  but  also 
medium  of  their  disprgation.  Moreover,  it  was 
also  shown  that  thermal  treatment  affects  texture 
of  samples  much  as  well. 
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3AKOHOMEPHOCTH  OOPMHPOBAHHfl  CTPyKTYPbl  H  CBOHCTB  B 
^HCnEPCHO-ynPOHHEHHBIX  K0Mn03HIi;H0HHbIX  MATEPHAJIAX 

HA  OCHOBE  ME/JH 


rijiexanoB  K.A,  JanHjiOB  H.B..  Mkptmhcb  IO.r. 
AO  ’'ypaji3JieKTpoMeAb",  r.  BepxHHH  ITbiuiMa,  Pocchh 


fljia  Hccue^OBaHHa  6bian  Hcnoab30Banbi 
MaTepHajibi  caeAyiowux  chctcm:  Cu-Al-C,  Cu-Ti- 
Al-C,  Cu-Ti-C.  HcxojiHbiMH  kom  n  o  ne  HTaM  h 
cjiy>KHJiH  nopouiKH  Me^H  nMC-1,  ajuoMHHHa  nri- 
1JI,  THTaHa  Tnn-6  h  rpacjwTa  TK-1.  ^Hcnepcno- 
ynpoHHeHHbiH  xoMno3HUHOHHbiH  MaTepHaa  6bia 
noayneH  mctoaom  MexaHHHecxoro  aerapoBaHHa  b 
mapoBOfi  MejibHHue  -  arrpHTope,  c  nocaeAyiomHM 
6pHKerapoBaHHeM  h  ropanHM  npeccoBaiweM  b 
npyroK.  Ko3(})c})nuHeHT  BbiTa>xxH  coct3Bhji  25. 

CTpyxTypnoe  cocToaHne  MaTepHajioB 
H3yM3JlH  MeTOHaMH  MHKpoaiOpOMeTpHH, 

MeiajuiorpacjiHH  h  aaexTponHOH  MHKpocKoriHH.  Kax 
noxa3aaii  HccaeAOBauHa,  nocae  oriepauHH 
MexaHHHecxoro  aernpoBaiiHa,  o6pa3yiomHeca 
rpany;ibi  HMeioT  MejiK03epHHCTyio  CTpyxTypy  c 
pa3MepoM  3epHa  Menee  5  mkm  h  paBHOMepno 
pacnpeaejieHHbie  b  o6beMe  mcahoh  MaTpnubi 
oxcuAbi.  Pa3Mep  o6Hapy»ceHHbix  oxchaob 
cocTaB^aeT  nopaaxa  0,1  mxm.  KpoMe  Toro,  Hapaay  c 
AHcnepcHbiMH  oxcuflaMH  b  cTpyxType  rpaHya 
npHcyTCTByfOT  6oaee  xpynHbie  nacTHUbi  cxaoHHbie  x 
BbIXpaillHBaHHK)  pa3MepOM  AO  30  MXM  -  OXCHjtJbl 
MeflH.  CTpyxiypa  roTOBoro  Marepwana  HAeHTHHHa 
dpyxrype  rpaHya.  MHxpoAiopaMeTpuHecxHH 
aHajiH3  noxa3aji,  mto  b  npouecce  ropanero 
npeccoBaHHa  nponcxoAHx  CHmxeHHe  HanaabHOH 
MHxpoTBepaocTH  rpaHya  Ha  BejiHHHuy  nopaaxa 
200. ..300  Mila,  ho  b  TO>xe  BpeMa  3aMeTHoro  pocTa 
3epHa  He  nponcxoAHT.  CaeA yeT  oTMeTHTb,  hto 
aaiiHbie  pe3yjibTarbi  Hecxojibxo  OTAHHatOTCH  ot 
paHee  noayneHHbix,  xor^a  CHHTaaocb,  hto  b 
npouecce  HarpeBa  noa  3KCTpy3HK>  nponcxoAHT 
"A03peBaHne"  MaTepwajia,  hto  npHBOAHT  x  pociy 
TBepaocTH.  To  >xe  noATBep>KAaioT  HccjieAOBaniia 
rpaHyji  /jyKM  nocae  xpaTKOBpeMeHHbix  otokhtob  b 
HHTepBajie  xeMnepaTyp  ropanero  npeccoBaHHa. 
TaxHM  o6pa30M  mo>kho  npeAnoaoa<nTb,  hto 
MexanH3M  ynpoHHenna  noaHOCTbio  peajiH3ye'rca  b 
npouecce  MexaHHuecxoro  aerupoBaHHa  b 
arrpHTope.  npn  stom  o6pa3yiOTca 
MeaxoAHcnepcHbie  oxcham,  cAop>KHBaK)iuHe 
pa3ynpoHHeHHe  npw  TeMnepaiypax  ao  800°C  h 
Bbiuie..  Cae^yeT  OTMeTHTb,  hto  ripw  HarpeBe  ao 
TaxHX  TeMnepaTypax  b  B03AyuiH0H  aTMOccJjepe 
npoHexoAHT  HHTencHBHoe  oxaaHHOo6pa30BaHne  Ha 


noBepxnocTH  MCAHbix  MaTepHaaoB. 
ripncyTCTBHe  (})a3bi  ynpoHHHxeaa  b  bhac 
oxchaob  no3BoaaeT  coxpaHHTb  aoct3tohho 
Bbicoxyio  aaexTponpoBOAHOCTb  MaTepwaaa, 
xoTOpaa  AocTHraeT  50%  ot 
aaexTponponoAHocTH  mcah  Mapxu  Ml,  hto 
no3BoaaeT  ncnoabaoBaTb  AanHbie  MaTepwaabi 
b  cBapoHHOH  TexHHxe.  FIpoMbiuiaeHHbie 
HcnbiTaHHa  h  cepHHHbie  nocxaBxn 
HaXOHeHHHXOB  AJia  aBTOM3TOB  H 
noayaBTOMaTOB  AyroBOH  CBapxw, 

H3roTOBaeiiHbix  H3  yxaaaiiHbix  MaTepuaaoB, 
noxa3aan  npaxTHHecxH  bo  Bcex  caynaax 
npeHMymecTBO  b  ctohxocth  no  cpaBHeHmo  c 
npHMeHaeMbiMH  H3  EpX  h  EpXLJp. 
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<J>OPMYBAHH5I  HAHOCTPYKTYPH  AMOPOHHX IIJIIBOK  AsxSe100  x  i 
GexSbioo-x  B  YMOBAX  ^HCKPETHOTO  TEPMIHHOTO  HAHHJIEHHH 

flySpoBCbKa  T.,  KojiiHbKO  C.,  KoBTVHeiiKO  B. 

HepKacbKHH  Aep>KaBHHH  TexHOJioriHHHH  yHiBepcHTeT,  ^epKacH,  Yicpama 


HaBeaeno  pe3yabTaTH  eaeKTpoHHO- 

MiKpocKoniHHHx  aocaiaxceHb  HaHOCTpyKTypH 
aMopcJanix  tohkhx  naiBOK  CHCTeM  As-Se  i  Ge-Sb. 
BcTaHOBJieHa  3aae>KHicTb  CTynena 

MixpoHeoaHopiaHOCTi  KOHaencaxiB  Bia  ix 
xiMinHoro  CKJiaay  Ta  TexHoaorinHHX  yMOB 
HanHaeHHa.  Bia3Hanaerbca  3aJie>KHicTb 

HaHOCTpyKTypH  aocaiaxcemix  naiBOK  Bia  eneprii 
aacopboBaHHX  nacTHHOK  i  cxnaay  napoBoi  (j)a3H. 

ToHKi  naiBKH  Rnn 

eneKTpoHHOMiKpocKoniHHHX  aocaiaxceHb 

OTpHMyBaan  Ha  BaxyyMHHx  nocTax  Byn-4  i 
BYn-5.  B  axocTi  BHxiaHHX  MaTepiariiB 
BHKopHCTOByBajiH  npoKaaiSpoBaHHH  no  po3Mipax 
(200-300mkm)  nopomoK  CTexoa  chctcmh  As-Se 
BianoBiaHHX  CKnaaie,  a6o  cyMirn  nopouixiB 
repMaHiio  i  cypMH,  3MimaHHX  y  Heo6xiaHHX 
nponopniax,  aaa  chctcmh  Ge-Sb.  IIopouiOK  3a 
aonoMororo  cneniaabHoro  ao3aTopa,  axHM 
ocHameHa  TexHoaorinna  yraHOBKa,  noaaBaBca  y 
TaHTaaoBHH  BHnapoBVBaq.  TeMnepaTypa 
BHnapoByBana  Tb  aopiBHroBaaa  770  K  i  870  K 
npn  HannaeHHi  naiBOK  chctcmh  As-Se  i  1470  K  - 
npn  OTpHMaHHi  naiBOK  chctcmh  Ge-Sb. 
TeMnepaxypa  BnnapoByBaaa  KOHTpoaioBaaaca 
naaTHiio-naaTHHopoaicBoio  TepMonapoio.  Thck 
3aaHuiKOBO’i  aTMOC(})e-  pn  niaKOBnaanoro  oS'eMy 
b  nponeci  HanHaeHHa  niaTpHMyBaBca  Ha  piBHi  6  * 
10'3ria.  ILubkh  KOHaeHcyBaaHCb  Ha  CBbxi  CKoan 
no  nnomHHi  (001)  MOHOKpHCTaaiB  NaCl  i  KC1, 
axi  3HaxoanaHCb  npn  KiMHaTHift  TeMnepaTypi. 
CTpyKTypHi  aocaiapxeHHa  oTpHMaHHX  3pa3KiB 
npoBoanan  Ha  eaeKTpoHHHx  MiKpocKonax  EM- 
200  i  EMB-100B  npn  npHCKopioroain  Hanpy3i  75 
kB.  Jinn  KO>KHoro  xiMbmoro  CKaaay  naiBOK  UHKa 
HannaeHHa  i  aocaiaxcenb  npoBoaHBca  He  MeHUie 
aBox  pa3iB. 

HanocTpyKiypHa  HeoaHopaHicTb  aocaia- 
aeeHHX  HaMH  naiBOK  npoaBaaeTbca  Ha 
eaeKTpoHHOMiKpocKoninHHX  3HiMKax  y 
BiaMiHHOCTax  abcopbuiHHoro  xompacTy  ana 
aiaaHOK  naiBOK  3  pi3Hoio  rycTHHOio.  B 
ocHOBHOMy,  aiJiaHKH  3  biabuioK)  rycTHHOio  e 
oKpeMHMH  yTBopeHHaMH  oKpyrao’i  (bopMH 
po3MipaMH  10-30  hm,  OToaeni  aiaaHKaMH  3 
MenmoK)  rycTHHOK)  y  BHraaai  “xaHaaiB” 


uiHpHHOio  5-20  HM.  IIpH  aHaatei  HaHOCTpyKTypH 
KOHaeHcaTiB,  HaMH  b  axocTi  KpHTepiio  ciyneHa  Yx 
MixpOHeoaHOpiaHOCTi  BHKOpHCTOByBaBCa  KOHT- 
pacT  K  Ha  MiKpo3HiMKax,  mdk  aoxaabHHMH 
aiaaHKaMH  3  MaKCHM aa  b  hok>  i  MimManbHoio 
rycTHHOio  3pa3KiB.  KoHTpacT  po3paxoByBaan  no 
(JjopMyai: 

D  max-  D  min 
Dmax+  Dmm 

ae  Dmax,  Dmin  -  noKa3H  MiKpocJ)OTOMeTpa  aaa 
aiaaHOK  (JioTonaacTHHKH  3  pi3HOio  CTyniHHio 
nonopHiHHa.  AScoaioTHa  noxHOxa  BH3HaaeHHa  K 
He  nepeBHinyBana  AK=0.04. 

AMopiJrai  naiBKH  AsxSe10o-x  3  tohkh  3opy 
(|)opMyBaHHa  HaHOCTpyKTypH,  Moxoia  yMOBHO 
noaiaHTH  Ha  asi  rpynn.  KoHaeHcaTH  cxaaaiB  3 
X<30  aT.%  MatOTb  CTpVKTypy  3  HH3bKOIO 
cTyniHHio  MiKpoHeoaHOpiaHocTi  (K=0-0.1)  i 
caa6KOio  3aae>KHicno  HaHOCTpyKTypH  Bia 
TexHoaorinHHx  yMOB  HanHaeHHa.  Ilo 
ocobaHBOMy  ce6e  BeayTb  TOHxi  naiBKH  b  ooaacxi 
x<10  aT.%.  Jinn  hhx  xapaKTepHa  ayace  HH3bKa 
MexaHinHa  MinnicTb  i  bohh  nyTaHBi  ao  ail 
eaeKTpoHHoro  npOMeHa  Mixpocxona.  IlpH 
onpoMiHeHHi  TaKHX  3pa3Kis,  6e3nocepeaHbo  b 
nponeci  eaeKTpoHHOMiKpocKoniHHHx  aocaia- 
>i<enb,  ix  cTyninb  MkpoHeoaHopiaHOCTi  cyrreBO 
36iabmyeTbca  Bia  K=0.05  ao  K=0.5.  Ilpn  nbOMy 
ocHOBHi  3MiHH  BiaSyBaioTbca  Ha  npoTH3i  nepuiHX 
3-4  xbhbhh  3  nonaTKy  onpoMiHeHHa. 

LUapn  cxaaaiB  30aT.%<x<60aT.%  MaioTb 
HaHOCTpyKTypy  3  bhcokoio  CTyniHHio 
MiKpoHeoaHopianocTi,  axa  cnabHO  3aaea?HTb  Bia 
TexHoaoriMHHx  yMOB  HanHaeHHa.  HaHBHiay 
CTyniHb  MiKpoHeoaHOpiaHocTi  3  K  6aH3bKHM  ao 
oaHHHni  MaioTb  naiBKH  As3SSe62,  OTpHMaHi  npn 
Tb=770  K.  JSfln  KOHaeHcaTiB,  xiMiannH  cxaaa 
aKHX  3HaxoanTbca  b  oSaacTi  x=50  aT.%, 

xapaKTepna  nyTaHsicTb  HaHOCTpyKTypH  ao 
onpoMiHeHHa  eaeKTpoHHHM  nynKOM  MiKpocKona. 
CTyniHb  MiKpoHeoaHOpiaHocTi  naiBOK  npH  nbOMy 
3MeHuiy€Tbca  Bia  K=0.6  ao  K=0.2. 

Etpn  BHKOpHCTaHHi  BHUje  3a3HaneHHX 
Texnoaori'iHHX  napaMeTpiB  HaMH  OTpHMaHi 
aMop(|)Hi  KOHaeHcaxH  GexSbi0o-x  b  ycbOMy 
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ziiana30Hi  xiMimuix  CKJia/iiB  (0aT.%<x<100aT.%). 
BpaxoByioHH  CTyniiib  Heo/ntopi/tHocTi 
HanocrpyKiypH  Hannaeiinx  naiBOK.  Vx  TaKo>K 
MoacHa  po3ai.nnTH  Ha  ani  rpynn. 

FLiiBKH  3  40aT.%<x<100aT.%  waioTb 

npaKTHHHO  oanopi/iHy  nanocTpyKTypy  3  K=0- 
0.05,  ana  ne  3MimocTbca  b  npoueci  aocaia>KCHna 
i  cTapiHHH.  Bhhhtok  CK.iaaafOTb  awue  3pa3i<H  ia 
CKaaaoM  b  oi<oai  Ge60Sb^0,  naiiocrpyKTypa  hkhx 
npn  onpoMinenni  c  Tar?  an  a  MiKponeoaHopianoio  3 
K=0. 3-0.4  i  po3Mipa\iii  Heo/iHopinnocTeil  8-10 


HM.  TXxiSf  HaiIOCTpyKT>'pU  TOHKHX  nniBOKGe,Sbl00.v 

3  0aT.%<x<40ar.%  xapaicTepua  caa5a 

MiKpoiieo/niopianicTb  3  K  =-0.2-0. 3.  Kpixi  uboro, 
ruiiBKH  b  OKoai  CKJia.ay  x=15  a'r.%  6yan  ay-ace 
nopiicri  3  cepe.au i\i  poaMipoM  nop  ~  15-20  hm. 
OcoOaHnicTio  HanocTpyKTypH  aMopc|?HHx  n/iiBOK 
cypMH  e  na«BHicTb  BcniiKoi  KiabKOCTi  OKpyranx 
BKjiiOMeHb  3  6iabin  “tcmhhm”  ko  HTpacxo  m 
p03MipOM  ~  20  HM  i  cepcAHboio  BincTaimio  Mi>K 
IIHMH  ~30  HM. 
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KJTEEBblE  MATEPHAJIbl  KOHBEHEPHOH  CEOPKH 

T.B.  Majibimeea 

MTTY  hm.  H.3.  BayMaHa,  MocKBa,  Poccaa 


npHMeHeHHe  xaeeBbix  MaxepaaaoB  no- 
3BOJWeT  nOBMUiaTb  Haae>KHOCTb  H  3KOJTOrHH- 
HOCTb  aBTOTpaHcnopTHbix  cpe/iCTB,  ynpomaxb 
KOHCTpyKUHIO,  3KOHOMHTb  MaxepaaabI  H  XpyAO- 
Bbie  3aTpaTbi.  OanaKO,  HecMOxpa  na  Bee  MHoro- 
HHCJieHHbie  npemiymecTBa  icneeBbix  xexHoao- 
raa,  ax  uiapQKoe  BHeapenae  cnepaniBaeTca  ax 
He  TexHoaoraMHOCTbio  a,  b  nepByio  oaepeab, 
AJiaTejibHocTbK)  nponecca  oxBep>KAena». 

npoSjieMa  BHeApenae  KJieeB  a  rep- 
MexHKOB  b  KOHBeaepHyfo  c6opKy  cesnana  c 
xeM,  hxo  Bee  paooxbi  no  CKaeaBanaio  Aoaao 
hw  6bixb  yBjnaHbi  c  xaxxoM  c6opKH,  koxo- 
pbia  Ha  aBxoaaBOAax  a3MeHaexca  b  npeae- 
aax  MHHyx,  xor^a  xax  fljiaxejibHOCxb  npo- 
necca  oxBep>KAenaa  icneeB  cocxaBaaex  nacbi 
aaa  Aaace  cyxKH.  Caea  o  Baxea  b  ho  ,  nxoGbi 
Bcxpoaxb  KJieeByK)  xexHoaoraio  b  noxoHHoe 
npoH3BOACXBo,  Hyacubi  cnenaaxibHbie  ynacx- 
kh  c  HaKonaxeJiHMH,  jxjih  Koxopbix  xpe6yiox- 
ca  cBo6oAHbie  naomaA«  a  b  axore  ceGe- 
exoaMoexb  MainaH  ox  npaMeneHaa  KJieeB  He 
xoabKO  ae  CHH'/Kaexca,  a,  HaoGopox,  noBbi- 
inaexca. 

K  KJieHM  HOBoro  noKoneHHH  (b  aaxe- 
paxype  ax  Ha3biBaiox  ochoboh  xexHHKa  XXI 
Bexa)  OXHOC3XCJI  anre3HBbi,  Koxopbie  oGecne- 
naBaiox  cKJieaBaeMbiM  KOHexpyKnaaM  Bbico- 
xae  AC({)opMauaoHHO-npoHHOCXHbie  xapax- 
xepacxKKH,  npa  sxom  CKopoexb  ax  oxBep- 
xcAeHaa  He  npeBbimaex  necKOJibKax  Manyx. 
Hmchho  axa  Maxepaaabi  oxBenaiox  xpeGoBa- 
hhkm  KOHBeaepHoa  cGopKH. 

K  hhm  oxHocaxca: 

KJiea  yxbxpafJ)aoiicxoBoro  oxBep- 

MtAeHaa; 

axpaaoBbie  xaea; 

aHaspoSHbie  repMexaKa  ycKO- 

peHHoro  oxBepacAenaa. 

OcHOBHoe  oxaanae  KJieeB  yabxpacjmoae- 
xoBoro  (YO)  oxBepacAeHae  ox  aioGbix  apyrax 
aAre3aBHbix  MaxepaaaoB  3aKJiK)Haexca  b  oriepa- 
uaa  oxBepacAGHHH,  Koxopaa  npoacxoAax  xoabko 
nocae  oGayaenaa  KaeeBoro  niBa  yabxpa<|>Hoaexo~ 
BbiMa  ayaaMH.  B  cocxaB  icneeB  Yd)  oxBep>KAenaa 
BxoAax  cnenaaabHbie  ao63bkh  -  $oxo  aHanaaxo- 
pbi,  Koxopbie  npa  oGbiHHbix  ycaoBaax  b  xaMane- 
ckvk)  peaicuaio  He  Bcxynaiox.  Ilpa  3Kcno3anaa 
KaeeBoro  uiBa  YO  ayaaMa  b  xeaenae  HecxoabKax 
ceKVHA  cJjoto  aHHuaaxopbi  pacmenaafoxca  a  aHa- 


naapyiox  noaaMepa3anaio,  xoxopaa  npoacxoAax 
c  oaenb  BbicoKoa  CKopocxbio  a  nponecc  noaHoro 
oxBep>KA6HHa  xaea  Moacex  3aKOHaaxbca  b  xeaeHae 
HecxoabKax  cexyHA.  Bee  onepanaa  no  HaHece- 
Haio  xaea  a  MOHxaacy  coGapaeinoro  arperaxa 
BbinoaHaioxca  b  oGbianoM  pe>s<HMe,  x.k.  xaea 
ocxaexca  ao  Haaaaa  oGayaeHaa,  b  HeoxBepacAeH- 
hom  cocxoaHaa. 

Ilpa  YO  noaaMepa3anaa  Moacex 
npoacxoAaxb: 

-  nonHaa  noaaMepa3anaa  (ecaa  YO  06- 
ayaaexca  Bca  naomaab  KaeeBoro  coeAHHeHaa). 
noaHaa  YO  noaaMepa3anaa  B03M0>KHa  xoabxo 
npa  cxaeaBanaa  npospanHbix  aaa  YO  Maxepaa- 
aoB  (axo  caaaxaxHbie  cxexaa  a  Henoxopbie  Baabi 
naacxMacc).  npa  cGopxe  aBxoxpaHcnopxHbix 
cpeacxB  no  xaxoa  xexnoaoraa  npaxaeaBaiox 
3epxaaa  3aAHero  Baaa  k  aoGoBOMy  cxexay  (xaea 
MapoK  Keanm-401  TY  6-01-2-731-84  a  ipomojoieu 
TY  224230-008-51049574-00)). 

-  nacxHHHaa  noaaMepa3anaa  (ecaa  oGay- 
naexca  nacxb  KaeeBoro  niBa).  npa  xbkom  cnocoGe 
oxBep>i<AeHaa  npoacxoAax  MrHOBeHHaa  noBepx- 
HocxHaa  noaaMepa3anaa  xoabKO  xoa  nacxa  Kaee¬ 
Boro  niBa,  Ha  Koxopyio  B03AeacxBOBaaa  YO  ay  an. 
npa  aacxHHHoa  YO  noaHMepa3auaa  xaeeBoe 
coeAHHeHae  b  xeaeHae  HecxoabKax  cexyHA  Aoc- 
xaraex  ao  30  -  70%  npoMHoexa  ox  MaKcaMaabHO 
bo3mo>khoh.  noaHocxbK)  nponecc  noaaMepH3a- 
naa  3aKaHHHBaexca  no  oGbiaHOisiy  Aaa  AaHHoro 
xaea  MexaHa3My.  3xo  no3Boaaex  He  yBeaanaBaxb 
AaaxeabHoexb  cGoponHbix  onepanaa  a  npoBO- 
Aaxb  noxoHHyio  cGopKy  b  3aaaHHOM  peacaMe.  npa 
cGopKe  aBxoxpaHcnopxHbix  cpeacxB  no  xaxoa 
xexHoaoraa  coGapaiox  pe3b6oBbie  a  naaaHApa- 
aecKae  coeaHHenaa  (Kaea  MapKa  Auamepm  50- 
Y0  TY  6-02-41-90). 

BeAymaM  JiaaepoM  cpeAa  pa3pa6ox- 
hhkob  a  npoa3BOAaxeaea  KaeeB  YO  oxBep- 
jKAOHaa  aBaaexca  Kopnopanaa  JIoKxaax.  OHa 
BbinycKaex  Goaee  coxHa  MapoK  KaeB  a 
repMexaKOB  YO  oxBepacAeHaa,  Koxopwe 
ripaMenafoxca  npa  cGopKe  ABaraxeaa, 
xpaHCMaccaa,  noABCCKa  a  pyaeBoro  ynpaB- 
aeHaa  Aaa:  repMexa3anaa  nenoABaacHbix 
naocKax  cxbiKOB  ( JIoKtnaum  5088,  5091  a 
Ap.);  cKaeaBaHaa  pa3HopoAHbix  MaxepaaaoB 

(JIoKmaum  322;  366;  3103;  3166;  3920  a 

Ap);  b  KanecxBe  saaaBOHHbix  KOMnayHAOB 

(JIoKmaum  394;  3608  a  AP-)  h  np. 


645 


H.  PERSPECTIVE  MATERIALS  OF  FUNCTIONAL  AND  STRUCTURAL  PURPOSES:  POSSIBILITIES  OF  OBTAINING 
 NEW  LEVEL  OF  PROPERTIES 


AKpiiJiOBbie  KJien  (MapoK  AnamepM- 
103  TY  6-01-1300-85,  AmmepM-106  TY  6- 
02-29-90,  AnamepM-UO  TY  6-02-238-92, 
AnamepM-1 1 1  h  112  TY  2257-274- 
00208947-96,  JloKmaum  330  h  ap)  npeaHa- 
3HaneHbi  ana  CKnenBanna  h  repMexH3aitHH 
nnocKHx  h  ma/iKHx  uhjihh^phmgckhx  co- 
eflHHeHHH.  npHMeH3K)Tca  ana  CKneitBaHHa 
MeraiiJia,  cieKJia,  KepaMHKH  h  nnacxMacc. 

Ana3po6nbie  repivieTHKH  ycKopeii- 
Horo  OTBepiKjjeHHH  (\iapoK  Anamepju-1 14 
TY  2257-301-00208947-98,  AuazepM-lOJ 
TY  22576 1-010-51 049574-0 1 ,  JloKmaum  262 
h  np.)  npHMeHKfOTca  npn  c6opKe  pe3b6oBbix 
coejiHHeHHH.  Hx  HcnojibaoBaHHe  cyutecx- 
BeHHO  ynyHiuaex  KanecxBO  pe3b6oBoro  co- 
e/iHHeHHfl.  nepBOHanajibHO,  npH  HaHecennn, 

OHH  (jjaKTHHeCKH  BbinOJIHHIOT  (})yHKUHK) 
CM33KH,  KOMnencHpyiOT  norpeiuHOCTH  pe3b- 
6bl,  npHBOAH  K  CHH>KeHHK>  K03(|)<})HUHeHXa 
xpeHHa.  llocjie  oxBep>KncHHn  3a  cnex  cxono- 
pamero  3(})cj)eKTa,  ohh  oGecnennBaiox  pe3b- 
6oBOMy  coeaHHeHHio  CTaGwibnocTb  CHJibi 
33Xa>KKH  npH  /(JTHTejlbHblX  BH6paitHOHHbIX 
Harpy 3Kax. 

Hcnoab30BaHHe  aKpnaoBbix  KJieeB  h 
aHaapoSHbix  repMexHKOB  ycKopeHHoro  ox- 
BepjK^eHHs  npw  c6opKe  aBxoxpaHcnopxHbix 
cpeacxB  no3BOJinjio: 

-  HCKXIKDHHXb  c{)pexXHHr-KOpp03HK>; 

-  noBbiCHXb  KanecxBO  coenHHeHHa; 

-  noBbiCHXb  peMOHxonpHroflHoexb 
MauiHH  3a  cnex  coKpamerwa  HOMeHKnaxypbi 
cxonopHbix  saeMeuxoB; 

-  yMeHbiiiHXb  hhcjio  Kpene>KHbix  aneMeH- 
XOB  H  XeM  CaMbIM  ynpOCXHXb  KOHCXpyKUHIO. 

IIpH  c6opxe  aBxoxpaHcnopxHbix 
cpeacxB  aHaapoSHbie  repMexHKH  ycKopen- 
Horo  oxBepjKaeHHs  Hcnojib3yK)x  ana  Kpenne- 
hhh  uinHJieK  b  6noKe  HHJTHiiapoB  nBHraxena 
BHyxpeHHero  cropaHHa,  lunHneK  Kapxepa 
aBHraxeJia,  KpbiuiKH  Kapxepa  rnaBHofi  nepe- 
na hh  h  nH(}x})epeHUHanoB,  pacnpeaeanxenb- 
hoh  inecxepHH,  Kap6iopaxopa  k  Koanexxopy, 
Kop3HHbi  cuennenna  k  MaxoBHKy,  ana  (JniKca- 
Uhh  mapoBOH  pyxoaxKH  pbinara  nepeKniOHe- 
hh3  nepeaan,  ana  cxonopenna  6onxon  Kpen- 
aeHHa  3amnxHbix  KoacyxoB  aHCKOBbix  xopMo- 
30B,  B33MeH  UiapOBblX  COe^HHeHHH  Ha  xpy6o- 
npoBO.xax,  ana  cxonopenna  perynupoBonubix 
bhhxob  ya<e  nocne  hx  peryjiHpoBKH  (6e3  pa3- 
6opKH)  H  T.a. 

HopMbi  pacxoaa  naHHbix  KneeBbix 
MaxepHanoB  cymecxBeHHO  MeHbrne,  neM 


HopMbi  pacxoaa  npn  ncnojib30BaHHH  apyrnx 
KJieeB.  HanpHMep, 

-  1  mb  loxea  nojiHocxbio  noKpbiBaex 
nnonjaab  400  cm2  npn  xonuiHHe  cnoa  0,025 
mm; 

-  npH  anaMexpe  aare3HBnoro  uiBa  b  2 
mm,  hxo  6bi  noayHHrb  KaeeBOH  iiiob  jjxihhoh 
320  mm,  xpeSyexca  Bcero  1  Ma  Knea; 

-  KoaHHecxBO  Kanenb  b  1  rpaMMe  co- 
cxaBJiaex  25  -  35  h  npH  cxonopeHHH  cxa 
nixyK  pe3b6oBbix  coeannennH,  HanpHMep 
M10,  pacxoa  Knea  He  npeBbiuiaex  4,8  r; 

-  npn  CKaeHBaHHH  cxa  mxyx  uHaHH- 
ApHnecKHX  coeaHHeriHH  npH  3a3ope  0,1  mm, 
pacxoa  Kaea  cocxaBaaex  Bcero  1 ,6  r. 

B  Pocchh  aHaapoSubie  MaxepHaabi  ycKO- 
peHiioro  oxBep>KAenHa,  axpHaoBbie  KaeH  h  KneH 
Y<t>  oxBep>KAeiiHa  pa3pa6axbiBaiox  h  npoH3Boaax 
HHH  lloaHMepoB  hm.  B.  A.  KaprHHa  r.  ^3ep- 
jkhhck  HHXceropoacKofi  o6a.  (cepHH  AHaxepM  h 
YHHrepM)  h  npOH3BoacxBeHHo-KOMepHecKaa 
(jmpMa  «TexHO-Ba3HC»  r.  MocKBa  (cepun  AHa- 
repM  h  4>oxoKaen). 

B  Hacxoamee  BpeMa  npoH3BoacxBo  KaeeB 
h  repMexHKOB  ycKopeHHoro  oxBepacaeHHa  oc- 
BOHaH  MHOrwe  (|)HpMbI,  BeayiHHMH  H3  KOXOpbIX 

aBaaioxca:  cj).  Loctite  (CUIA),  Three  Bond.  (>lno- 
HHa),  Industrial  Lubricants  (UJBennapHa),  Impe¬ 
rial  Chemical  Industries  (BeaHKoSpHxaHna). 
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“SELF-REGULATION”  OF  HEATING  AND  ABLATION  AT  HEAT 
DESTRUCTION  OF  MATERIAL 


Frolov  G.A. 

Institute  for  Problems  of  Materials  Science  of  National  Academy  of  Science  of  Ukraine 


Uitimate  quantity  of  heat,  which  the  material 
may  swallow  up  by  increase  of  the  heat  storage, 
reached  at  the  moment  of  equality  for  thicknesses 
of  heated  and  the  removed  layers  [1].  In  other 
words,  any  isotherm  of  temperature  field  termi¬ 
nates  “run-off’  from  driving  ablation  surface  in 
that  moment  when  it  occurs  at  depth,  equal  thick¬ 
ness  of  the  removed  layer.  Further  all  isotherms  of 
temperature  field  which  are  above  considered  iso¬ 
therm,  will  move  with  the  speed  equal  stationary 
ablation  rate  of  material. 

As  this  law  is  observed  at  any  value  of  mate¬ 
rial  gasification  factor  it  is  possible  to  conclusion, 
that  speed  of  ablation  is  not  depended  on  heat  flow 
which  determines  balance  of  heat  on  material  sur¬ 
face  in  stationary  regime,  but  it  is  depended  on  the 
value  of  heat  flow  determining  rate  of  surface 
heating  before  the  beginning  of  its  destruction. 

The  experimental  data  received  at  the  tests 
of  asbestos-reinforced  laminate  specimens  in  flows 
of  air  and  nitrogen  plasma,  and  also  in  conditions 
of  radiation  heating  show,  that  ablation  speed  of 
this  material  strongly  depends  on  destruction  sur¬ 
face  mechanism.  At  the  same  thermal  effect  in 
various  heating  conditions  it  differs  by  almost 
three  times.  At  the  same  time  total  thickness  of 
charring  and  removed  layers  up  to  establishment  of 
stationary  regime  remained  identical  for  all  three 
versions  of  heating  [2]. 

At  the  same  initial  surface  heating  rate  of 
alloyed  quartz  glass  ceramics  in  jets  of  combustion 
products  of  gas-dynamic  bench  and  air  plasma 
(enthalpy  of  4700  and  12300  kJ/kg,  accordingly) 
were  received  identical  of  ablation  velocities.  Thus 
heat  flows  for  stationary  regime  differs  by  5  times, 
and  gasification  factor  -  by  8  times  [3].  As  against 
of  asbestos-reinforced  laminate  the  ablation  speed 
of  alloyed  quartz  glass  ceramics  does  not  depend 
on  heating  kind.  Heating  rate  before  the  beginning 
of  surface  destruction  determines  of  ablation  speed 
and  heating  of  this  material  to  the  same  extent. 

Determining  influence  of  the  heat  flow 
brought  to  material  surface  before  the  beginning  of 
its  destruction,  allows  to  explain  constancy  of 
thickness  of  charring  layer  determined  at  the  tests 
of  asbestos-reinforced  laminate  specimens  in  con¬ 
ditions  of  identical  mechanism  of  surface  destruc¬ 
tion.  It  was  shown,  that  stationaiy  value  of  thick¬ 


ness  of  charring  layer  remains  identical  in  spite  of 
the  fact  that  stationary  values  of  ablation  speeds 
may  differ  more,  than  on  the  order.  In  this  case 
increase  of  moving  speed  of  charring  isotherm  at 
increase  of  heating  rate  in  the  initial  moment  pro¬ 
portionally  increases  a  filtration  speed  of  gaseous 
products  of  decomposition  binder  and,  thus,  in¬ 
creases  time  of  establishment  of  stationary  ablation 
speed  in  comparison  with  its  value  at  absence  of 
filtration  through  the  charring  layer.  As  considered 
processes  are  interconnected,  such  “self¬ 
regulation”  results  to  charring  depth  at  the  identical 
ablation  mechanism  does  not  depend  on  surface 
speed  of  destruction  and  keep  its  the  constant 
value. 

Temperature  fields  in  specimens  of  alloyed 
quartz  glass  ceramics  determining  influence  of 
heating  rate  of  surface  before  the  beginning  of  its 
destruction  was  studied.  It  is  established  that  dura¬ 
tion  of  non-stationary  regime  of  heating  and  abla¬ 
tion  depends,  apparently,  on  heat  conduction  of 
material  only  until  near  destructed  surface  of  mate¬ 
rial  energy  which  is  equal  ~  1000  kJ/m2  will  not  be 
absorbed.  Further  the  heat  flow  heating  internal 
layers  does  not  depend  any  more  on  heat  conduc¬ 
tion  of  material  and  it  is  determined  only  by  abla¬ 
tion  rate  of  surface,  i.e.  in  accordance  with  the 
formula 


(x*) 


=  pvmcp  (rw  -t0)= pvxH(rw) 


Here  p,c  ,  A,  are  density,  thermal  capacity 
and  heat  conduction  of  a  material,  accordingly  ;  T0 
is  temperature  non-heating  material;  Vx  is  station¬ 
ary  speed  of  ablation;  H(TW)  is  heat  storage  of 

material  at  temperature  Tw  . 

Fig.l  demonstrated  that  near  destructed  sur¬ 
face  of  material  at  non-stationary  regime  “zone” 
with  the  special  mechanism  of  heat  accumulation 
is  formed.  There  law  of  Fourier  in  this  period  of 
heating  does  not  work. 
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Fig.l.  Experimental  temperature  profiles  in  a 
specimen  of  alloyed  quartz  glass  ceramics  at 

Vx  =  0,1 1  •  1 0~3  m/sec  (a)  and  at  surface  melting 
without  ablation  (b):  a)  1  -  experimental  data;  2  - 
calculation  on  formula  (1);  3  -  position  of  heated 
surface  (qc  =  7260  kW/m2);  b)  1-4  -  10,  20,  40,  60 
sec  of  heating  duration;  points  and  solid  lines  are 
experimental  data,  dotted  lines  -  calculation  by 
formula  (2),  chain  lines  -  forecasted  temperature 
profile  nearby  of  heated  surface,  a  -  temperature 
conductivity,  T *  -  temperature  of  considered  iso¬ 
therm. 

At  research  of  temperature  fields  in  speci¬ 
mens  without  an  ablation  from  surface  (fig.l,  b) 
also  was  established  similar  “zone”  near  melting 
surface. 

The  received  results  allow  to  draw  following 
conclusions: 

-  “zone”  with  anomalous  conditions  of  absorp¬ 
tion  and  heat  transfer  renders  significant  influence 
on  non-stationary  heating  and  an  ablation  only 
materials  with  low  heat  conduction,  including  ab¬ 
lating  heat-protective  coatings; 


-  as  at  increase  of  heat  conduction  of  material 
influence  of  “zone”  on  a  temperature  field  strongly 
decreases,  at  calculation  of  heating,  for  example 
metals  and  alloys,  this  influence  can  be  neglected 
even  at  high  temperatures; 

satisfactory  coincidence  of  experimental  tem¬ 
perature  fields  with  calculation  ones  the  formula 

(2)  up  to  0 *  =(T'  -T0WV.-T0)*  0,4  gives  the 
basis  to  make  the  estimation  of  heating  at  a  melting 
of  solids  without  removal  of  a  melt  from  surface  in 
accordance  with  laws  of  “classic”  automodel  re¬ 
gime;  thus  the  requirement  of  fast  achievement  of 
constant  temperature  of  a  heated  up  surface  is 
completely  optionally  as  enough  to  know,  under 
what  law  the  surface  temperature  changes. 

It  is  concluded  that  heating  and  ablation  of 
material  is  set  by  a  heat  flow  before  the  beginning 
of  a  melting  (destruction)  of  a  surface  and  does  not 
depend  on  what  quantity  of  a  material  further  will 
be  removed  in  liquid  or  gaseous  state  and  therefore 
the  most  economic  installations  for  cutting,  melt¬ 
ing  and  coatings  are  the  installations  ensuring 
high-speed  gas  flows  (large  factors  of  heat  ex¬ 
change)  with  the  gas  temperature  not  strongly  ex¬ 
ceeding  temperature  of  a  melting  processed  mate¬ 
rial. 
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NANOMANIPULATION,  NANOLITHOGRAPHY  AND 
NANOASSEMBLING  BY  PROBE  MICROSCOPY.  REVIEW 

Pokropivny  A.  V.,  Pokropivny  V.  V..  Skorokhod  V.V. 

Institute  for  Problems  of  Materials  Science  of  NAS  of  Ukraine,  Kiev,  Ukraine 


Tendency  for  miniaturization  of 
microdevices,  microelectromechanical  systems 
(MEMS)  and  integrated  circuits  (IC)  have  led 
during  the  1980s  to  change  paradigm  in  industry 
-  instead  of  traditional  assembly  of  microdevices 
from  individual  units  the  shaping  and  assembly 
must  occur  simultaneously  and  incrementally. 
In  place  of  casting,  molding,  stamping,  milling, 
turning  and  other  mechanical  processes  the 
chemical  and  physical  vapor  deposition, 
sputtering,  masking,  etching,  photolithography, 
oxidation,  diffusion,  doping,  etc.  For  this  reason 
a  watchmaking  industry  has  faded  and 
automatical  electronic  industry  become  to  be 
thrived. 

However  it  also  have  reaches  growth 
limit  -  nanoelectronics  comes  in  place  of 
microelectronics.  Therefore  we  are  on  the 
threshold  of  approaching  a  new  paradigm 
combined  both  of  them  with  R. Feynman  idea, 
namely,  automatic  computer-aid  atom-by-atom 
and  layer  by  layer  assembling.  Manufacturing 
of  nanoelectromechanical  systems  (NEMS), 
ultra-low-scale  IC  (ULSIC)  and  biochip  of  one 
or  two  orders  of  smaller  magnitude  requires  a 
fundamental  research  of  physico-chemical 
processes  of  the  contact  phenomena  at  atomic 
and  molecular  levels,  a  development  of 
nanomanipulators  on  the  base  of  atomic-force, 
tunneling  and  other  types  of  probe  microscopes, 
and  a  creation  of  novel  nanotechnologies  for 
treatment  of  nanostructures.  This  is  a  global 
problem  of  international  importance,  and 
Ukraine  with  its  powerful  materials  science 
potential  may  occupy  in  it  appropriate  niche. 

State-of-the-art  is  shortly  outlined  of  the 
forth  main  components  of  the  problem,  namely: 
physico-chemical  background  of  the 
nanomanipulation,  nanolitography  and 
nanoassembling  processes,  with  use  of  the 
scanning  probe  microscopes  (SPM). 

Different  kinds  of  SPM  are  used  as 
nanomanipulators  and  nanomodificators, 
namely:  the  scanning  tunneling  microscope 
(STM),  atomic  force  microscope  (AFM),  near¬ 
field  scanning  optical  microscope  (NSOM), 
scanning  electrochemical  microscopes  (SECM), 
etc.  For  all  of  them  common  elements  are 
scanning,  feedback  mechanism  and  means  of 


recording.  Novel  industrial  SPMs  combine 
modes  of  STM,  AFM,  NSOM,  etc.  in  the  single 
device.  Cantilever  is  a  common  feature  of  such 
SPMs.  The  AFM  records  interatomic  forces  and 
the  STM  records  tunnel  currents  between  the 
apex  of  the  tip  and  atoms  in  the  sample  as  the 
tip  is  scanned  over  the  surface  of  the  sample.  A 
general  view  of  AFM  is  shown  in  the  fig.  la. 


Fig.l.  a  -  Scheme  of  AFM.  b  -  Diagram  of 
interatomic  tip-sample  interactions. 

The  demonstrated  ability  of  the  SPMs  to 
image  and  modify  surfaces  with  atomic 
resolution  suggests  opportunities  for  their  use  in 
generating  nanostructures  and  nanodevices. 
AFM  have  been  used:  1)  to  scratch 
nanostructure  in  soft  materials,  2)  to  expose  thin 
films  of  resist,  3)  to  induce  and  enhance 
oxidation  of  H-terminated  surfaces,  4)  to  change 
the  headgroups  or  packing  density  of  organic 
monolayers  (monitoring  surface  reactions),  5)  to 
’’write”  patterns,  6)  to  manipulate  clusters,  etc. 
STM  have  been  used:  1)  to  alter  the  structure  or 
order  of  organic  monolayers,  2)  to  oxidize  H- 
terminated  surfaces,  3)  to  induce  phase 
transition  in  a  solid  material,  4)  to  manipulate 
atoms  or  molecules,  5)  to  create  and 
characterize  of  individual  molecular  bonds,  etc. 
NSOM  and  SECM  have  been  used  to  expose 
photoresist  films  and  to  deposit  metals, 
respectively. 

By  a  theoretical  background  of 
problems  under  investigation  is  a  correct 
calculation  of  integrated  interatomic 
interactions  of  the  probe  with  the  sample,  a 
general  view  of  which  is  shown  in  fig.  lb.  When 
the  tip  to  sample  distance  is  large,  the  atom- 
sample  interactions  do  not  overlap  significantly. 
When  distance  is  shortened,  the  sum  of  sample 
and  tip  potentials  exhibits  a  double  well  with  a 
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small  activation  barrier.  Then  the  atom  can 
transfer  from  the  tip  to  the  sample  as  well  as 
from  the  sample  to  the  tip. 

Two  types  of  forces  are  the  most 
important  for  the  modification  of  surfaces:  the 
contact  forces  and  the  electrostatic  forces.  In 
this  point  of  view  several  types  of  the  tip 
influence  on  the  surface  nanostructures  are 
shown  in  fig.2.,  namely:  1)  vertical  and  horizontal 
transfer,  2)  the  method  of  field-induced  surface 
diffusion;  3)  mechanical  surface  modification, 
etc. 


Fig.2.  Types  of  the  tip  influence  on  the  surface. 

Experimental  results  of  manipulation 
and  surface  modification  are  presented.  Nano¬ 
structures  can  be  built  by  means  of  the  next 
methods:  1)  atom  by  atom  assembling  with  use 
of  ultra-high  vacuum  STM;  2)  manipulation  of 
adsorbed  clusters,  fullerenes  or  nanotubes  by 
contact  or  non-contact  AFM;  3)  induced 
transfer  of  tip  materials  on  the  surface;  4) 
fabrication  of  nanostructures  by  the  SPM- 
nanolithography.  Some  examples  are  shown  in 
fig-3. 

In  the  horizontal  sliding  method,  the 
probing  tip  is  placed  above  an  adsorbed  atom. 
The  tip  is  carefully  lowered  to  increase  the 
interaction  between  tip  atoms  and  the  adsorbed 
atom.  After  this,  the  tip  is  slowly  moved  in  a 
direction  parallel  to  the  surface  to  a  desired 
position.  When  the  atom  is  dragged  to  that 
position,  the  tip  is  lifted  (fig.3a). 

The  method  of  manipulation  of 
nanoparticles  is  based  on  continuous  scanning 
of  a  line  and  simultaneous  acquisition  of  the 
vibration  amplitude  of  the  cantilever. 


The  method  of  deposition  of  a  clusters 
on  the  surface  is  based  on  the  follows.  Tip 
approach  due  to  an  additional  voltage  pulse 
leads  to  the  deposition  of  a  cluster,  provided 
that  this  approach  is  close  enough  (fig.3c). 

The  SPM-lithography  scheme  is  field 
induced  anodization  of  H-passivated  surfaces  in 
air,  which  uses  a  proximal  probe  tip  negatively 
biased  against  the  surface  (fig. 3b). 


Fig.3.  a  -  Schematic  illustration  of  the  sliding 
process  and  STM-image  of  generated  atomic 
“quantum  corral”,  b  -  AFM-image  of  silicon- 
oxide  lines  fabricated  with  use  of  a  nanotube  tip 
as  a  pencil,  c  -  Schematic  diagram  of  the 
mechanism  of  material  transfer  from  the  tip  to 
the  sample  and  generated  structure. 

Development  of  methods  for  automatic 
nanoassembling  of  nanostructures  are 
considered.  The  SPM-based  nanoassembling 
may  one  day  enable  us  to  create  artificially 
designed  material  structures  with  new 
properties,  or  to  create  new  molecules,  or  to 
construct  new  devices  on  the  atomic  scale. 
Examples  of  such  future  devices  are  the 
fullerene  based  amplificator  (fig. 4)  and 
nanotube  based  transistor. 


Fig. 4.  Scheme  of  fullerene  based  amplificator. 

The  described  extraordinary  and 
revealing  studies  allow  us  to  hope  that  the  probe 
microscopes  will  come  the  routine  instruments 
of  the  nanoworld  in  the  nearest  future.  Such 
confidence  lies  in  the  fact  that  SPMs  have  a 
wide  range  of  possibilities,  a  compactness,  and 
relatively  low  prices. 
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DISLOCATION  SUBSTRUCTURES  EVOLUTION  DURING  FATIGUE 

TESTS  OF  AUSTENITIC  STEEL 

Konovalov  S.V.,  Kovalenko  V.V.,  Sosnin  O.V.,  Tsellermaer  V.V.,  Gorlova  S.N.,  Gromov  V.E., 

Kozlov  E.V.(1) 

Siberian  State  University  of  Industry,  Novokuznetsk,  Russia 
(1)Tomsk  State  University  of  Architecture  and  Construction,  Tomsk,  Russia 


The  problem  of  fatigue  fracture  of  steels  and 
alloys  is  important  despite  a  young  history  of  in¬ 
vestigations. 

As  the  fracture  is  the  final  stage  of  sub¬ 
structures  evolution;  the  knowledge  of  accumula¬ 
tion  mechanism  of  destruction  and  change  of  dis¬ 
location  substructures  and  phase  composition  es¬ 
pecially  acquires  the  special  importance. 

In  this  work  such  a  problem  was  being 
solved  for  austenitic  steel  45G17Yu3  (0,45%  C, 
17%  Mn,  2,74%  Al)  undergone  the  fatigue  tests 
before  fracture. 

The  intermediate  stage  of  loading  of  N  = 
7- 104  cycles,  corresponding  to  appearance  of  sub- 
and  microcracks,  was  chosen,  where,  side  by  side, 
with  initial  and  fractured  samples  the  dislocation 
substructure  was  being  analysed. 

The  inner  structure  of  steel  in  initial  state  is 
characterized  by  different  types  of  dislocation  sub¬ 
structure  which  are  classified  below  in  accordance 
with:  the  substructure  of  dislocation  chaos,  nonori- 
ented  -  down  net-  shaped  dislocation  substructure, 
oriented  -  down  net-shaped  dislocation  substruc¬ 
ture  with  tom  geometrically  necessary  low-angular 
boundaries  and  fragmented  dislocation  substruc¬ 
ture.  Besides,  there  are  the  grains  of  microsizes 
with  a  small  number  of  dislocations  in  steel.  Their 
share  in  grained  ensamble  of  steel  is  0,25-0,30. 

The  grains  of  steel  apart  from  types  of  dislo¬ 
cation  substructure  being  in  them  contain  a  large 
number  of  bending  extinctional  contours  that  indi¬ 
cates  the  elastic-plastic  bend  of  material.  In  this 
connection  each  grain  as  a  whole  in  many  cases  is 
undergone  the  bend-torsion,  i.e.  the  reason  of  inner 
far-acting  fields  of  stresses  is  to  a  large  extent  the 
incompatibility  of  the  deformation  of  neihbouring 
grains  and  of  their  groups,  than  intergrained  dislo¬ 
cation  substructure. 

The  quantitative  analysis  of  steel  dislocation 
substructure  in  its  initial  state  showed  that  the  larg¬ 
est  density  of  dislocations  spreaded  along  the  vol¬ 
ume  is  fixed  by  net-shaped  substructure;  the 
maximum  level  of  curvature-torsion  of  the  crystal¬ 
line  lattice  is  in  fragmented  substructure.  Here,  in 
fragmented  substructure  the  elastic  constituent  of 
material  curvature-torsion  is  maximum.  Therefore, 


the  fragmented  dislocation  substructure  of  research 
steel  is  the  most  stressed  structural  constituent  of 
initial  material. 

The  fatigue  tests  of  steel  (N=7-104  cycles) 
brings  to  the  evolution  of  dislocation  structure  - 
substructure  of  dislocation  chaos  is  transformed 
into  net-shaped  dislocation  substructure.  The  vol¬ 
ume  fraction  of  fragmented  substructure  in  this 
particular  time  is  not  changed.  The  deformation  of 
steel  is  accompanied  by  an  increase  of  scalar  den¬ 
sity  of  the  dislocations  from  1,3 TO10  to  1,8- 1010 
cm'2  in  net-shaped  substructure  and  from  0,5- 1010 
to  1,1  - 1010  cm'2  -  in  fragmented  one.  The  increase 
of  scalar  density  of  dislocations  in  net-shaped  - 
substructure  is  accompanied  by  the  formation  of 
weakly-orientied-down  strips.  These  strips  are  the 
anisotropic  fragments  containing  inside  of  them¬ 
selves  the  dislocation  structure. 

The  test  of  steel  for  fatigue  is  accompanied 
by  essential  increase  of  curvature-torsion  ampli¬ 
tude  of  the  crystalline  lattice  in  fields  with  net- 
shaped  dislocation  substructure.  The  cyclic  de¬ 
forming  of  steel  fields  with  fragmented  substruc¬ 
ture  is  accompanied  by  some  other  processes  de¬ 
spite  that  the  scalar  density  of  dislocations  located 
inside  of  fragments  essentially  grows  (more  than  in 
two  times),  the  curvature-torsion  of  crystalline  lat¬ 
tice  of  these  fields  material  is  decreased.  This,  ob¬ 
viously,  testifies  about  the  relaxation  of  elastic- 
plastic  stresses  saved  in  steel  at  thermomechanical 
treatment,  in  the  process  of  further  loading  in  con¬ 
ditions  of  change  of  deforming  method. 

The  studies  of  steel  layer  adjoing  to  the  sur¬ 
face  of  fraction  revealed  the  presence  of  all  three 
types  of  dislocation  substructure  enumerated 
above.  The  relative  content  of  these  types  of  sub¬ 
structures  is  as  follows:  dislocation  chaos  occupies 
-0,18  volume  of  foil,  net-shaped  structure  -0,42 
and  fragmented  structure  -0,40.  The  average  pa¬ 
rameters  of  grains  sizes  are:  D=7,4  mcm  -  the 
width  and  L=l,38mcm  -  the  length  of  grains. 

Comparing  these  data  with  the  results  ob¬ 
tained  during  studies  of  the  structure  of  initial  state 
one  can  note  that  the  evolution  of  steel  dislocation 
substructure,  preceding  its  fracture,  occurred  in 
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such  a  way.  The  structure  of  dislocation  chaos  in 
initial  state,  during  the  process  of  fatigue  tests  at 
some  stage  disappears  fully  about  which  the  results 
of  material  at  intermediate  stage  of  loading  testify. 
However,  to  the  moment  of  fatigue  fracture  of  the 
sample  the  meaningful  value  of  material  volume 
occupied  by  the  structure  of  dislocation  chaos 
(Pv=0,18)  is  fixed  in  it.  Obviously,  that  it  is  a  dis¬ 
location  substructure  formed  as  a  result  of  cyclic 
loadings  of  steel,  namely.  The  grains  of  dynamic 
recrystallization  being  in  steel  in  initial  state  and, 
as  will  be  shown  below,  arising  during  the  process 
of  fatigue  can  be  the  places  of  the  formation  of  this 
substructure. 

Net-shaped  dislocation  substructure,  formed 
in  initial  state  of  steel,  during  the  process  of  cy¬ 
cling  is  steadily  developed  occupying  at  intermedi¬ 
ate  stage  of  loading  0,5  volume  of  foil  cut  out  of 
zone  with  maximum  amplitude  of  action.  This  in¬ 
crease  of  a  relative  content  of  material  with  net- 
shaped  substructure  is  connected  with  the  corre¬ 
sponding  transformation  of  the  structure  of  dislo¬ 
cation  chaos  into  net-shaped  one  and,  with  the  de¬ 
velopment  during  the  process  of  fatigue  tests  of 
dislocation  substructure  in  grains  being  in  initial 
material,  practically  free  from  dislocations.  Some 
decrease  of  material  fraction  occupied  by  net- 
shaped  dislocation  substructure,  found  during 
study  of  zone  of  steel  fracture,  obviously,  is  con¬ 
nected  with  its  reconstruction  into  a  fragmented 
dislocation  substructure.  Consequently,  cycling  of 
steel  45G17Yu3  is  accompanied  by  the  following 
scheme  of  transformation  of  the  dislocation  sub¬ 
structure:  dislocation  chaos  =>  net-shaped+a- 
martensite  =>  fragmented+a-martensite  substruc¬ 
ture. 

The  fragmented  dislocation  substructure  in 
initial  steel,  being  dominating  after  thermome¬ 
chanical  treatment  of  steel  by  rolling  during  the 
process  of  steel  tests  for  fatigue  gradually  looses  its 
positions  despite  the  fact  that  the  transition  of  net- 
shaped  substructure  into  fragmented  one  is  fixed. 

The  steel  fracture  during  these  tests  is  ac¬ 
companied  by  the  formation  in  zone  of  the  fracture 
of  dislocation  substructure,  the  average  scalar  dis¬ 
locations  density  of  which  is  equal  to  initial  one.  In 
this  time  the  density  of  dislocations  in  structure  of 
dislocation  chaos  is  quite  lower,  in  net-shaped  it  is 
practically  equal  and  in  fragmented  one,  it  is 
slightly  higher  of  the  corresponding  sizes  charac¬ 
terizing  the  initial  state.  The  change  of  scalar  den¬ 
sity  of  the  dislocations  during  the  process  of  load¬ 
ing  has  non-monotonous  character.  The  analysis  of 
intermediate  state  being  formed  at  Nj  =  ~  0,7N 
fract.,  revealed  the  meaningful  increase  of  disloca¬ 


tions  density  and  in  net-shaped  -  and  in  frag¬ 
mented  substructures  too.  One  can  suppose  that 
one  of  the  reasons  of  such  a  character  of  the  evolu¬ 
tion  of  scalar  density  dislocations  size  is  the  state 
of  dislocation  substructure  formed  as  a  result  of 
preliminary  thermomechanical  treatment  of  steel. 
Obviously,  this  character  of  substructure  change 
has  no  universal  character  and  with  another  way  of 
preliminary  treatment  of  material  it  will  be  another 
one. 

The  analysis  of  the  amplitude  evolution  of 
curvature-torsion  of  steel  crystalline  lattice  during 
the  process  of  cyclic  loading  shows  that  both  in 
average  on  material  and  in  each  of  substructures 
separately,  the  amplitude  of  stresses  fields  being 
fonned  in  structure  of  steel  in  zone  of  fracture 
greatly  (in  1,5-5  times)  increases  this  characteris¬ 
tics  of  initial  state.  At  the  same  time  at  intermedi¬ 
ate  stage  of  loading  the  change  of  amplitude  of 
curvature-torsion  of  the  material  crystalline  lattice 
is  small.  Such  a  character  of  this  parameter  change 
of  steel  dislocation  substructure  can  be  connected 
with  the  peculiarities  of  dislocation  substructure 
reconstruction,  preliminarily  created  in  steel  during 
hot  rolling.  Obviously  it  indicates  the  critical  mo¬ 
ment  in  substructure  evolution,  after  which  the 
material  inreversibly  prepares  to  fracture. 

In  initial  state  the  small  number  of  s- 
martensite  crystals  already  have  been  in  steel  lo¬ 
cated  along  the  boundaries  of  grains.  In  intermedi¬ 
ate  stage  of  test  (at  N=7-104  cycles)  their  number 
are  not  practically  changed,  however  in  zone  of 
fracture  the  volume  fraction  of  s-martensite  crys¬ 
tals  in  zone  of  fracture  is  being  formed  in  many 
cases  in  net-shaped  dislocation  substructure  and 
quite  rarely  -  in  chaotic  one.  In  fragments  s- 
martensite  has  not  been  found.  Such  a  behavior  of 
material  confirms  the  critical  character  of  sub¬ 
structure  state  in  the  vicinity  of  point  N=7-104. 

The  performed  electronic-microscopic  dif¬ 
fraction  studies  of  steel  45G17Yu3,  fractured  as  a 
result  of  cyclic  fatigue  tests  showed  that  one  of  the 
possible  mechanisms  of  fracture  is  martensite  y->e 
transformation  with  the  further  formation  of  high- 
unbalanced  interphase  boundaries  of  microcracks 
division.  In  these  interphase  boundaries  later  on 
microcracks  are  nucleated,  being  developed  into 
manifold  cracks.  In  its  turn,  the  far-acting  fields  of 
stresses  localized  in  net-shaped  dislocation  sub¬ 
structure  is  the  reason  of  martensite  y-»s  transfor¬ 
mation.  The  incompatibility  of  deformation  of 
neighboring  grains  and  their  groups  and  also  y-  and 
e  -  phases  are  the  sources  of  far-acling  fields  of 
stresses  fields  generally. 
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The  purpose  of  this  work  was  the  study  of 
evolution  of  the  dislocation  substructure  and  phase 
composition  of  stainless  austenite  steel 
08Crl8Nil0Ti  (C<0,1%,  Cr«18%,  Ni*10%, 

Ti~l%)  during  usual  and  electrostimulated  low- 
cycles  fatigue. 

Fatigue  test  have  been  carried  out  according 
to  scheme  of  out  of  zero  bend  on  samples  from 
austenite  steel  08Crl8Nil0Ti  with  loading  fre¬ 
quency  of  8Hz  and  amplitude  of  80  MPa.  Here, 
this  sample  withstood  12000-14000  cycles  of 
loading.  The  measurement  of  ultrasound  propaga¬ 
tion  velocity  by  means  of  1ST- 12  device  was  car¬ 
ried  out  in  parallel  with  fatigue  tests. 

The  experiments  made  allowed  to  state  that 
the  dependence  of  ultrasound  velocity  (V)  from  the 
number  of  loading  cycles  (N)  has  the  sign  of  three- 
stage  curve.  Earlier  it  was  stated  that  the  abrupt 
drop  of  ultrasound  V  during  fatigue  tests  is  con¬ 
nected  with  appearance  of  fatigue  microcracks  that 
signals  about  approach  of  final  stage  of  sample 
process-fracture.  In  our  experiments  the  samples 
were  undergone  by  the  action  of  current  one -polar 
impulses  of  80Hz  frequency,  8kA  amplitude  dur¬ 
ing  20  seconds  when  the  third  stage  of  dependence 
V(N)  began.  These  parameters  were  chosen  by 
experimental  way  in  order  to  provide  the  develop¬ 
ing  of  electroplastic  effect  and  not  to  warm  up  the 
material  above  200°C.  Current  impulses  were  cre¬ 
ated  by  specially  developed  thyristor  generator  of 
powerful  one-polar  current  impulses  with  regulated 
parameters. 

Measurements  of  subgrained  steel  structure, 
behaviour  of  the  second  phases  were  being  carried 
by  methods  of  metallography  of  etched  lap,  scan¬ 
ning  electron  microscopy  and  electron  diffraction 
microscopy.  Images  of  thin  structure  of  materials 
were  used  for  classification  of  structure  according 
to  morphological  signs;  definition  «f  sizes,  volu¬ 
metric  portion  and  places  of  localization  of  the 
second  phases  and  depositions;  scalar  <p>  and  ex¬ 
cess  p±  density  of  dislocations;  amplitudes  of  cur¬ 
vature-torsion  of  crystalline  lattice  y  and  moment- 
stresses  T. 


The  structure  and  phase  composition  of 
samples  in  initial,  loaded  and  electrostimulated 
states  have  been  analyzed  in  sections  placed  at  a 
distance  of  0,1;  1,2  mm  from  the  surface  of  frac¬ 
ture,  and  also  directly  in  zone  of  fracture. 

Electron-microscopic  researches  of  thin  foils 
have  shown  that  the  inner-grained  structure  of  steel 
being  investigated  is  characterized  by  the  follow¬ 
ing  set  of  dislocation  substructures:  dislocation 
chaos,  nets  and  fragments.  The  basis  is  the  chaotic 
dislocation  substructure,  having  ~0,8  volume  of 
material.  Fragmented  substructure  in  inside  of 
fragments  contains  either  chaotically  spreaded 
dislocations  or  nets.  In  many  cases  the  dislocations 
are  decorated  by  particles  of  the  second  phases.  At 
the  same  time  with  this,  the  carbide  particles  are 
placed  in  boundaries  of  fragments  and  boundaries 
of  grains. 

The  studies  of  dislocation  substructure 
showed  that  in  the  process  of  fatigue  tests  in  a  re¬ 
gion  of  material  siding  with  the  surface  of  fracture, 
the  celled  and  fragmented  substructures  are 
formed.  The  volumetric  portion  of  fragmented  sub¬ 
structure  is  0,55,  with  the  value  of  dislocations 
density  in  it  as  MO10  cm'2.  The  volumetric  portion 
of  celled  substructure  is  0,45,  and  p=T,7T010  cm'2. 
The  average  density  of  dislocations  in  a  sample  is 
2- 1010  cm'2.  One  can  also  note  that  the  celled  sub¬ 
structure  is  formed  at  initial  stage  of  tests.  With  the 
increase  of  cycles  number  the  cell  substructure  is 
converted  into  fragmented  one.  The  density  of  free 
dislocations  in  fragmented  substructure  appears  to 
be  lower  as  the  part  of  dislocation  is  spent  on  the 
formation  of  subboundaries. 

As  a  rule,  there  are  the  boundaries  of  divi¬ 
sion  in  finished  dislocation  substructures,  to  which 
two  mentioned  above  denote.  In  this  case  these  are 
the  boundaries  of  cells  and  fragments.  According 
to  them  the  nucleation  microcracks  can  be  formed 
and  spreaded  especially  on  disoriented  boundaries 
of  fragments.  Therefore  the  probability  of  mi¬ 
crocracks  nucleation  in  it  is  great. 

The  interphase  boundaries  y-s  are  another 
dangerous  places  of  microcracks  nucleation.  In 
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particular  according  to  them  the  microcracks  are 
largely  developed.  The  microdifraction  analysis  of 
steel  has  revealed  the  presence  of  s-martensite  in 
zone  of  sample  fracture..  It  is  clearly  seen,  that  the 
maximum  quantity  of  e-martensite  is  in  some  re¬ 
moval  (~  100  mcm)  from  the  surface  fracture.  It  is 
necessary  to  note  that  the  martensite  transforma¬ 
tion  occuring  in  the  process  of  deformation, 
strengthens  the  steel,  increasing  at  the  same  time 
its  brittleness  with  it.  Suppressing  y-e  transforma¬ 
tion,  from  the  other  hand,  plastifies  the  material. 

The  quantitative  analysis  of  samples  struc¬ 
ture  showed  that  the  parameters  characterizing  the 
state  of  dislocation  substructure  are  changed  in  a 
correlation  manner.  The  area  located  at  a  distance 
of ~ 100  mcm  from  the  fracture  surface  is  of  special 
analysis.  In  this  zone  the  microcracks  have  almost 
been  un  observed  already,  but  the  rest  parameters 
achieve  the  maximum  values.  One  can  state  that  in 
zone  of  fracture  and  in  site  of  material  being  from 
it  at  a  distance  of  ~  100  mcm,  the  fatigue  processes 
are  developed  exclusively  in  different  way.  If  in 
zone  of  fracture  the  active  microcracks  create  the 
large  far-acting  fields  of  stresses  and  make  a  large 
contribution  to  a  value  of  plastic  deformation,  at  a 
distance  of  -100  mcm  the  contribution  of  mi¬ 
crocracks  to  the  deformation  is  not  large,  but  the 
dislocation  sliding  and  the  development  of  defor- 
mated  y->e  transformation  prevail.  In  a  sample  a 
cell-nets  and  band  dislocation  substructures  and 
also  s-martensite  are  formed.  It  is  not  excluded  that 
the  band  dislocation  substructure  is  itself  the  parts 
of  anizotropic  fragments  occurring  at  initial  stages 
of  deformation.  They  are  present  at  a  distance  of 
1,2  mm  from  the  surface  of  fracture,  i.e.  in  areas 
with  low  density  of  dislocations  and  without  crys¬ 
tals  of  e-martensite. 

In  electrostimulated  sample  during  the  proc¬ 
ess  of  fatigue  test's  the  structures  are  formed  being 
qualitatively  different  from  unstimulated  sample. 
The  cell-substructure  in  small  quantities  (Pv=0, 15) 
and  especially  the  cell-net  one  (Pv=0,85)  are  pres¬ 
ent.  Despite  the  large  difference  of  substructures 
the  average  density  of  dislocations  is  ~  2-1010  cm'2. 
So,  in  case  of  electrostimulation  the  character  of 
substructure  construction  has  a  quite  low  finished 
character  in  comparison  with  unstimulated  sample. 

In  finished  dislocation  substructures  there 
are  the  boundaries  of  division.  According  to  them 
the  nucleated  microcracks  can  be  formed  and 
spreaded  especially  along  disoriented  boundaries 
of  fragments.  There  are  no  such  boundaries  of  di¬ 
vision  in  cell-net  structure.  Therefore  the  probabil¬ 
ity  of  microcracks  nucleation  in  it,  respectively,  in 


electrostimulated  sample,  as  a  whole,  is  near  the 
zero.  The  interphase  y/s  boundaries  are  the  other 
dangerous  place  of  microcracks  nucleation.  The 
microcracks  in  electrostimulated  sample  are 
largely  developed  namely  according  to  them.  In 
both  cases  the  change  of  s-martensite  content  with 
the  growth  of  distance  up  to  the  surface  of  fracture, 
is  similar  to:  maximum  number  of  e-martensite 
being  in  some  removal  from  the  surface  fracture. 
From  given  results  it  also  follows  that  the  elec¬ 
trostimulation  due  to  the  development  of  the  sec¬ 
ond  sliding  suppresses  the  process  y=>e  of  marten¬ 
site  transformation.  As  in  electrostimulated  mate¬ 
rial  the  s-martensite  is  in  small  quantities  and  at 
the  background  of  cell-net  dislocation  substructure, 
it  is  quite  obviously,  that  the  stability  to  nucleation 
of  microcracks  must  be  higher  on  qualitative  level 
during  analysis  of  the  type  of  substructure  which  is 
being  formed. 

The  treatment  by  impulse  electric  current  by 
techniques  chosen  in  this  work  decreases  the  prob¬ 
ability  of  s-martensite  crystals  appearance  during 
fatigue  loading  in  two  times. 

The  quantitative  analysis  of  samples  struc¬ 
ture  showed  that  the  parameters,  characterizing  the 
state  of  dislocation  substructure  in  electrostimu¬ 
lated  sample  are  changed  very  much  similar  to  un¬ 
stimulated  sample,  slightly  being  differed  quanti- 
tively.  The  most  essential  differences  in  behaviour 
of  initial  and  electrostimulated  samples  are  in  re¬ 
gions  of  material  a  joining  with  the  fracture  sur¬ 
face.  Namely,  the  electrostimulated  sample  is  de¬ 
stroyed  under  higher  values  of  scalar  density  of  the 
dislocations  and  density  of  bent  extinctial  contours, 
under  smaller  number  of  microcracks  and  smaller 
size  of  curvature-torsion  of  the  crystalline  lattice  in 
comparision  with  initial  sample. 

Thus  the  effect  of  electrostimulation  has  a 
multifactor  character  and  is  the  suppression  of 
martensite  of  deformation  transformation;  the  de¬ 
velopment  of  second  sliding;  the  decrease  of  am¬ 
plitude  of  internal  fields  of  stresses,  the  develop¬ 
ment  of  defect  structure  because  of  transformation 
deformation  and  recovery.  The  final  results  of  all 
the  processes  is  the  abrupt  decrease  of  density  of 
possible  places  of  microcracks  nucleation  in  elec¬ 
trostimulated  austenite  steel,  the  large  decrease  of 
sensitivity  to  concentrators  of  stresses,  the  essential 
difficulty  of  rrticrocracks  development  and  its  suf- 
faciant  plastification  in  conditions  of  fatigue  load¬ 
ing.  The  totality  of  these  processes  make  difficult 
the  nucleation  and  the  development  of  microcracks 
moving  the  fracture  to  the  high  number  of  loading 
cycles. 
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One  of  the  mam  tasks  for  investigators  is  devel¬ 
opment  of  new  methods  for  quicker  and  more  pre¬ 
cise  determination  of  serviceability  range  for  ma¬ 
terials  and  friction  assemblies  in  laboratory  condi¬ 
tions.  This  mostly  depends  on  shortening  period 
for  design  and  industrial  introduction  of  new  ma¬ 
chines  and  equipment. 

We  have  proposed  a  new  approach  to  determina¬ 
tion  of  serviceability  range  based  on  control  of 
friction  surface  condition  according  to  electron 
work  function  [1].  New  methods  and  devices  have 
been  developed  enabling  to  control  condition  of  a 
fine  material  surface  layer  during  friction  process 
according  to  registering  changes  in  electron  work 
function. 

Method  for  assessment  of  material  serviceabil¬ 
ity  -  the  essence  of  the  method  is  determination  of 
critical  loading  of  transformation  from  normal 
wearing  to  catastrophic  one. 

Multiple  investigations  of  dependency  between 
sliding  surface  work  function  and  loading  have 
showed  that  character  of  dependencies  between 
friction  surface  work  function  and  normal  loading 
is  similar  and  has  three  typical  areas  (fig.  1). 
Growth  of  work  function  is  observed  in  area  1 
with  increase  of  normal  loading.  Then  change  of  a 
curvature  trend  takes  place  and  work  function  re¬ 
duces  in  area  2.  With  the  following  increase  of 
loading,  value  of  the  electron  work  function  stops 
reducing  in  area  3  and  even  increases  in  some 
cases.  Electron  work  function  reduces  sharply 
during  seizure  and  at  the  same  time  volume  tem¬ 
perature  and  friction  torque  grows  in  the  same 
way.  As  you  can  see  in  figure  1,  friction  torque 
and  surface  temperature  grow  monotonously 
within  the  mentioned  range  of  loadings  and  have 
no  extremes  correlating  to  the  electron  work  func¬ 
tion  behavior.  Thus,  changes  in  surface  material 
layer  can  be  registered  according  to  the  character 
of  electron  work  function,  which  can’t  be  observed 
according  to  outer  friction  parameters  (friction 
torque  and  volume  temperature). 


The  investigations  carried  out  according  to  inde¬ 
pendent  methods  and  also  simulation  to  determine 
factors  contributing  changes  in  electron  work 
function  presented  in  figure  1  enabled  us  to  inter¬ 
pret  distribution  of  dependencies  in  thin  superficial 
of  materials.  According  to  this  dependency  area  1, 
probably,  corresponds  to  the  area  of  elastic  defor¬ 
mations,  i.e.  surface  layer  deformations  without 
significant  increase  in  dislocation  concentration. 
Area  2  corresponds  to  the  area  of  prevailing  plastic 
deformations,  but  these  processes,  from  the  point 
of  view  of  dislocation  density,  are  not  yet  satu¬ 
rated,  as  reduction  of  electron  work  function  and 
increase  of  loading  take  place  in  this  area.  Area  3 
also  corresponds  to  the  area  of  prevailing  plastic 
processes,  but  in  this  case  dislocation  processes 
have  saturating  character,  i.e.  process  of  dynamic 
equilibrium  between  dislocations  multiplication 
and  processes  of  their  coalescence  with  formation 
of  micro-pores  and  micro-cracks  take  place. 

The  investigations  have  showed  that  transforma¬ 
tion  loading  from  area  2  to  area  3  can  be  an  objec¬ 
tive  criterion  for  evaluation  of  materials  service¬ 
ability  for  friction  assemblies  and,  as  it  was 
shown,  it  can  be  used  for  evaluation  serviceability 
of  a  wide  range  of  materials. 

The  method  can  be  used  practically  in  all  friction 
machines  equipped  with  a  device  for  measuring 
electron  work  function. 


657 


IV.  CHARACTERIZATION  OF  MATERIALS  PROPERTIES 


Work  Function 

Temperature 

Torque 


Load,  MPa 

Fig.  1.  Bronze  rubbing  surface  electron  work 
function,  torque  and  surface  temperature  vs.  nor¬ 
mal  load  curves. 

Quantity  estimation  of  material  friction  fatigue 
parameters. 

The  investigations  have  showed  that  in  area  3 
(zone  of  severe  wear)  materials  have  suffered  pe¬ 
riodical  changes  in  friction  surface  electron  work 
function.  The  investigations  of  periodical  changes 
in  friction  surface  electron  work  function  have 
showed  that  they  were  caused  by  fatigue  destruc¬ 
tion  of  material  surface  layer  [2],  Changes  in  fric¬ 
tion  surface  electron  work  function  within  one  pe¬ 
riod  suffer  the  whole  cycle  of  fatigue  destruction, 
i.e.  accumulation  of  material  crystal  lattice  defects, 
hardening  of  a  surface  layer,  formation  and  distri¬ 
bution,  destruction  of  friction  surface. 

To  analyze  periodical  changes  algorithm  and  soft¬ 
ware  for  statistic  processing  of  results  achieved 
during  tests  based  on  discrete  Furicr  transform  was 
developed,  which  enabled  to  calculate  spectral 
function  of  friction  surface  electron  work  function 
according  to  a  number  of  runs  of  a  counter-body 
along  the  sample.  In  this  case,  specific  spectral 
density  has  the  meaning  of  friction  surface  de¬ 
struction  probability  function  during  some  certain 
number  of  loading  cycles  and  it  can  be  the  func¬ 
tion  of  distribution  density  [2],  and  the  number  of 
loading  cycles,  corresponding  to  the  spectrum 
maximum,  will  determine  a  statistically  average 
number  of  cycles  before  destruction  of  a  friction 
surface  ,  i.e.  cycle  durability  [2].  The  investiga¬ 
tions  based  on  the  developed  method  have  showed 
that  according  to  periodical  changes  in  friction 


surface  electron  work  function  it  is  possible  to  plot 
a  curve  analog  to  the  fatigue  curve  during  volume 
loading  (Voller  curve)  (Fig.  2).  Thus,  it  is  possible 
to  determine  fatigue  curve  parameters  and  a  num¬ 
ber  of  probability  characteristics  (surface  layer 
destruction  probability  during  a  certain  number  of 
loading  cycles  or  within  a  set  range  of  cycles,  con¬ 
fidence  interval  of  cycle  durability,  etc.),  enabling 
to  get  a  better  characteristics  of  materials  for  try- 
botechnical  application. 

The  method  can  also  be  realized  practically  on  any 
friction  machine  equipped  with  a  device  for  meas¬ 
uring  electron  work  function. 

Thus,  the  described  methods  for  continuous  non¬ 
destructive  control  of  friction  surface  electron 
work  function  enables  to  investigate  materials  be¬ 
havior  during  dry  and  edge  friction  modes  and  it 
can  be  used  while  development  of  properties  of 
tribotechnical  materials. 


To  realize  this  method  a  number  of  measuring  de¬ 
vices  have  been  developed  which  can  be  mounted 
on  most  types  of  friction  machines. 


Fig.  2.  Curve  similar  to  the  curve  of  fatigue  and 
wear  per  cycle  vs.  spectral  pick  layout  of  periodic 
changes  of  rubbing  surface  work  function  in  loga¬ 
rithmic  axes. 
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ACCOUNT  OF  ACOUSTIC  EMISSION  FEATURES  AT  STRENGTH 
DIAGNOSTICS  OF  POLYMERIC  COMPOSITE  MATERIALS 

Mileshkin  M.„  Biblik  I. 

A.  Podgomy  Institute  for  Mechanical  Engineering  Problems  of  the  National  Academy  of  Sci¬ 
ence  of  Ukraine,  Kharkov,  Ukraine 


The  polymeric  composite  materials  (PCM)  repre¬ 
sent  the  most  perspective  class  of  constructional 
materials,  most  widespread  from  which  are  the 
glass-,  Kevlar-  and  carbon-fibre  reinforced  plas¬ 
tics.  A  material  and  product  from  PCM  are  created 
simultaneously.  For  PCM  the  scatter  of  mechanical 
properties  is  still  great,  therefore  it  is  necessary  to 
develop  the  methods  of  strength  diagnostics  of 
products. 

For  PCM  the  presence  of  three  mechanical  condi¬ 
tions  -  elastic  deformation,  viscoelastic  deforma¬ 
tion  and  state  of  fracture  -  is  characteristic.  It  is 
obviously,  that  the  limiting  state  on  bearing  ability 
(strength)  of  PCM  will  be  determined  by  state  of 
fracture. 

The  method  of  acoustic  emission  (AE)  is  widely 
applied  to  definition  of  dynamics  of  change  of 
fracture  state  of  PCM.  However  at  that  it  is  neces¬ 
sary  to  take  into  account  such  features  as  anisot¬ 
ropy  of  acoustic  wave  propagation  in  products 
from  PCM;  strong  attenuation  of  signals  in  PCM; 
presence  of  "Kaiser's  effect";  complexity  of  selec¬ 
tion  of  identical  AE  sensors  (transducers)  and  their 
identical  installation  on  a  product  etc. 

With  regard  to  that  the  problem  of  division  of  pos¬ 
sible  types  of  fracture  of  PCM  by  parameters  of 
AE  till  now  is  not  solved,  earlier  [1]  the  represen¬ 
tations  about  conducting  types  of  fracture  of  PCM, 
determining  on  various  stages  of  loading  character 
of  AE  activity  change  were  entered. 

In  Fig.  1  the  change  of  AE  activity  is  schematically 
shown  at  loading  of  cylindrical  shells  from  PCM 
by  internal  pressure.  On  portion  of  curve  AB  the 
formation  of  cracks  in  ring  and  spiral  layers  in  par¬ 
allel  to  fibres  is  conducting  type  of  fracture,  and  on 
portion  of  curve  CD  -  conducting  type  are  the 
breaks  of  fibres.  The  presence  of  two  conducting 
types  of  fracture  requires  stricter  account  of  the 
fracture  mechanism  at  realization  of  strength  diag¬ 
nostics  of  products  from  PCM. 

The  additional  researches  with  application  of  com¬ 
puter  modeling  have  shown  [2],  that  character  of 


dependence  of  AE,  shown  in  Fig.  1,  in  general  is 
typical  for  PCM  at  biaxial  loading.  Point  is  that  for 
all  PCM  the  limiting  deformations  of  layers  in  par¬ 
allel  and  across  fibres  essentially  differ  (for  exam¬ 
ple,  for  glass-  and  Kevlar-fibre  reinforced  plastics 
these  values  are  usually  equal  4,0  %  and  1,0  %,  for 
carbon-fibre  reinforced  plastics  -  1,0  %  and  0,3  %). 
It  means,  that  at  deformation,  equal  0,25  %  from 
limiting  deformation  in  reinforcement  direction  of 
one  layers,  in  layers,  for  which  this  deformation  is 
cross,  all  fibre -matrix  boundaries  practically  will 
be  destroyed  and  strength  of  these  layers  will  be 
essentially  reduced,  as  well  as  strength  of  the 
whole  of  product. 


Fig.  1.  The  schematic  change  of  AE 
activity  during  loading  of  shells  from  PCM 

Let's  consider  now  some  features  of  amplitude 
distribution  of  AE  signals  at  test  of  PCM.  Ampli¬ 
tude  and  amplitude  distribution  of  AE  signals  are 
the  important  information  parameters  connected 
with  energy  of  AE  sources.  However  before  the 
present  time  there  are  no  precisely  enough  valid 
models  of  occurrence  of  AE  signals  with  various 
amplitude  and  their  connection  with  concrete 
sources.  In  this  connection  in  the  report  approach 
to  the  analysis  of  amplitude  distribution  from  posi¬ 
tion  of  definition  of  kinetic  energy  of  microbreaks 
of  various  nature  is  considered. 
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At  the  same  time  at  numerous  tests  of  various 
samples  and  products  from  PCM  was  established: 

-  the  AE  curves,  registered  on  channels  with 
various  level  of  amplitude  discrimination,  have 
similar  character.  It  relate  to  dependence,  given  in 
Fig.  1  also; 

-  the  amplitude  spectrum  is  wide  enough,  es¬ 
pecially  at  the  test  of  large  dimension  products; 

-  at  the  test  of  products  in  conditions  of  meas¬ 
urement  of  AE  activity  the  saturation  of  channels 
with  low  level  of  amplitude  discrimination  is  char¬ 
acteristic.  It  is  connected  with  high  values  of  AE 
activity'  (so,  in  cylindrical  shells  with  bottoms  the 
saturation  of  law  amplitude  channels  always  oc¬ 
curred  near  point  B  (see  Fig.  1); 

-  using  registration  of  the  AE  count  rate  is 
undesirable,  as  complete  saturation  of  channels 
does  not  occur,  but  the  registered  parameters  be¬ 
come  incorrect. 

Thus,  the  amplitude  of  AE  signals  at  strength  diag¬ 
nostics  of  PCM  is  of  quasi  "consultative",  but  ex¬ 
tremely  great  importance,  as  it  is  the  indicator  of 
reliability  of  AE  measurements  results. 


stress  redistribution  in  zone  of  microbreaks  in 
elastic  aftereffect  of  PCM.  At  that  one  AE  pulse 
has  been  associated  with  one  fractured  structural 
element  of  model  of  material  (Fig.  2).  The  results 
of  modeling  allow  to  conclude,  that  stress  concen¬ 
tration  in  zone  of  microbreaks  is  given  decisive 
contribution  in  AE,  and  viscoelasticity  of  matrix  in 
zone  of  stress  concentration  only  reduces  slightly 
the  process  of  their  redistribution. 

N- 


4 


2 
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For  strength  diagnostics  of  PCM  the  various  AE- 
criteria  can  be  used  [1],  and  the  account  of  fracture 
mechanism  is  obligatory. 

In  our  opinion,  the  relative  AE-criterion  KN  [3], 
which  is  determined  at  the  transition  from  active 
loading  to  period  of  constant  load  and  represents 
the  relation  of  number  of  AE  pulses,  registered 
during  first  three  seconds  during  a  load  hold  to 
number  of  AE  pulses,  registered  during  three  sec¬ 
onds  at  the  approach  to  the  point  of  load  hold,  is 
most  perspective. 

At  the  test  of  samples  and  products  from  PCM  the 
opportunity'  of  application  of  criterion  KN  for 
strength  diagnostics  was  established  as  100  %,  if 
correct  test  is  probable.  At  the  same  time  it  turned 
out  that  the  relative  AE-criterion  expands  opportu¬ 
nities  of  AE-diagnostics  by  cardinal  way,  as  there 
is  an  opportunity  to  carry  out  it  at  all  stages  of  life 
cycle  of  products  after  any  uncontrollable  influ¬ 
ences,  while  all  other  known  criteria  allow  to  carry 
out  diagnostics  only  at  first  loading,  that  is  con¬ 
nected  with  Kaiser's  effect. 

An  application  of  special  design-experiment 
method  [4]  has  allowed  some  accurate  definition  of 
AE  nature  during  the  period  of  constant  load  of 
PCM.  Computer  modeling  was  carried  out  for 
clarification  of  contribution  of  viscoelasticity  and 


Fig.  2.  Change  of  number  of  the  fractured 
structural  elements  (N)  during  the  step 
loading  of  PCM 
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The  developed  approach  to  the  analysis  of 
fatigue  damaging  of  metal  structures  with  long 
terms  of  operation  bases  on  the  two  experimental 
facts.  Their  reliability  was  established  by  means  of 
statistical  thermoactivative  analysis  of  outcomes 
of  experiments  on  a  fatigue  of  a  number  of 
constructional  materials  in  laboratory  conditions 
[1,2]. 

1)  The  fatigue  curves,  irrespective  to  a  mode 
of  tests  (monoharmonic  loads,  polyharmonics  or 
with  a  random  spectrum)  may  be  circumscribed  by 
the  equation  of  a  kind: 

a=aw  +  A/lg  tr  (1) 

Where  a-averaged  on  time  of  measurement 
amplitude  of  the  applied  tension,  aw  -  the 
constant  of  a  material,  having  a  sense  of  a  physical 
limit  of  a  fatigue,  A-factor  for  want  of  time- 
dependent  part  of  a  resistance  to  fatigue 
destruction,  tr-time  of  life  of  a  sample. 

2)  For  want  of  by  constant  of  a  velocity  of 
vibration  loading  the  deformation  of  a  flat  sample 
in  a  place  of  contact  with  the  capacity  gauge  of  a 
special  construction  is  changed  in  time  on 
monotone  dependence  with  a  maximal  appropriate 
to  time  of  test  about  0,8  tr.  This  fact  can  be 
interpreted  as  manifestation  of  two  stage  character 
of  fatigue  damaging:  on  the  first,  most  long,  stage 
the  origin  of  fatigue  micro  cracks  on  a  surface  of 
the  examinee  of  a  sample  happens,  and  on  the 
second  -  the  distribution  of  the  located  magistral 
crack  generated  to  an  extremity  of  the  first  stage 
begins.  Thus,  there  are  basis  to  consider,  that  the 
critical  degree  of  fatigue  damaging,  appropriate  to 
the  beginning  of  distribution  of  a  magistral  crack, 
makes  about  0,8  tr 

The  transformation  of  the  equation  (1)  allows 

reducing  it  in  to  a  kind: 

tr  =  e  2,303  A  /  (a  -  aw  )  (2) 

Following  the  approach  of  Kachanov  [3],  we 
shall  enter  function  cp  of  damaging,  satisfying  to 
the  conditions: 

cp  (0)  =  1,  cp  (tr)  =  0  (3) 

The  elementary  kind  of  damaging  function, 
satisfying  to  the  conditions  (3)  may  be  represented 

as  cp  (t)  =  t/tr  Finally  we  has 

cp  (t)  =t  e  -2,303  A /(a-  aw)  (4) 


The  formula  (4)  describes  the  kinetics  of 
fatigue  damaging  of  a  material  of  a  sample  down 
to  liftoff  moment  of  a  magistral  crack.  The 
experimental  check  of  the  offered  approach  for 
deriving  settlement  evaluations  of  a  damaging 
degree  of  a  material  for  want  of  various  levels  of 
tension  for  specific  time  of  test  both 
polyharmonics  and  casual  modes  was  conducted. 

The  algorithm  was  obtained,  on  which  it  is 
possible  to  calculate  a  kinetic  curve  of  damaging 
both  at  the  stage  of  origin  of  micro  cracks,  and  at 
the  stage  of  shaping  and  distribution  of  a  magistral 
crack.. 

The  established  regularities  of  fatigue 

damaging  allow: 

1)  To  select  the  heaviest  modes  of 
cyclical  loading  causing  an  accelerated 
degradation  of  a  sample  material  and  loss  of  a 
resistances  to  destruction; 

2)  On  known  characteristics  of  the  local 
tensioned  state  we  can  determine  lines  of  equal 
damaging  of  a  material  on  length  of  the  pipeline; 

3)  We  can  evaluate  kinetics  of 
development  of  magistral  cracks  in  function  of  the 
tensioned  state  and  from  here  to  define  residual 
resource  (safe  life)  of  local  parts  of  the  pipeline. 
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In  last  time  it  was  appeared  large  numbers  of  the 
papers  devoted  to  research  and  diagnosis  of  the 
surface  on  solid  state  objects  with  attraction  of 
charge  particle  exoemission  method  (EE)  and  its 
variety  among  them  are  photo-  and 
thermostimulation  exoelectron  emissions  (PSEE, 
TSEE),  afteremission  of  electrons  (AEE), 
phhotothermostimulated  exoelectron  emission 
(PTSEE)  and  exoemission  video  image.  EE 
method  allows  to  register  such  changes  of  the 
subminiobjects  (  microcracks  and  other  defects) 
which  are  registered  other  methods  with 
difficulties.  Moreover  the  exoemission  methods 
give  information  both  in  the  form  of  the  image  and 
the  quantitative  form. 

Our  development  of  EE  method  and  its 
modifications  and  carrying  out  of  fundamental 
researches  of  electron  properties  and 
physicochemical  ones  of  surfaces  for  great  series 
of  metals,  semiconductors  and  dielectrics,  which 
have  been  earned  out  from  1980  at  close 
collaboration  with  industrial  factories  and  sectorial 
institutes,  were  aimed  also  at  practical  use  of 
scientific  and  methodical  achievements. 

In  given  work  in  correspondence  with  simple 
model  described  earlier  on  experimental  examples 
it  is  shown  analytical  possibilities  of  method  for 
study  physical  and  chemical  properties  of  materials 
and  also  practical  use  of  them.  It  should  be  noted 
that  potential  employment  of  EE  is  practically  in 
any  technological  problem  where  it  is  important  to 
know  the  variation  kinetics  of  surface  condition  or 
interface  under  and  after  distinct  external  effects. 

Concrete  examples  researches  of  the  processes 
taking  place  in  metals  at  plastic  deformation, 
estimation  of  corrosion  resistance  of  protective 
films  on  metals,  phase  identification  in 
superconductor  and  oxide  films,  estimation  of 
oxide  films  thickness,  determination  of  skin 
diffusion  coefficient  et  al.  have  been  mentioned. 

The  applicability  of  EE  method  for  studies  of 
physical  and  chemical  properties  of  materials  is 
shown  experimentally. 

1 .  Studies  of  oxide  layers. 


Metals  (Ni,  Cr)  and  their  alloys,  when  heat-treated, 
form  oxide  layers  of  varying  thickness  on  their 
surfaces  and  these  oxide  layers  can  be  identified  by 
TSEE  method.  TSEE  curves  show  distinct 
difference  for  the  alloys  with  and  without  the  oxide 
layer.  The  curve  with  a  peak  at  400  -  450  K  is 
characteristic  of  the  oxide  layer  with  a  high  density 
of  defects  whose  levels  in  the  band  gap  are  located 
at  the  depth  of  several  tenths  of  eV.  The  proposed 
enables  to  measure  layer  thickness  of  0.001  to  1 
jam  whatever  the  substate  material  is. 

2.  TSEE  method  for  estimation  of  the 
protective  covering  corrosion  resistance  is  based 
on  the  experimentally  established  time  dependence 
of  the  oxidation  rate  with  the  subsequent 
determination  of  the  oxidation  constant  which 
reflects  the  rate  of  forming  a  new  medium  on  the 
material  surface.  The  relation  obtained  for  the 
oxidation  constant  —  surface  charge  density 
dependence  is  in  reasonable  agreement  with  the 
results  published  elsewhere.  The  method  was 
tested  on  Ni  specimens  oxygen  at  840  K. 

3.  TSEE  method  is  proposed  to  study 
selective  oxidation  processes  in  Cr-Ni  steels.  It  was 
found  that  the  exosum  for  Cr-Ni  steels  may  have 
both  falling  and  rising  region,  depending  on  Cr 
content  -  similar  to  a  well  -  Known  dependence  of 
the  oxidation  rate  on  the  chemically  more  active 
metal  content  in  noble  metals.  Actual  Cr  content 
corresponding  to  the  exosum  maximum  was 
estimated.  The  obtained  value  of  15%  corresponds 
to  the  minimum  critical  concentration  of  the 
additive  agent  to  start  the  selective  oxidation 
process. 

4.  TSEE  -  based  technique  is  developed  to 
determine  the  surface  diffusion  coefficient  (D). 
From  the  experimental  results  the  following 
relation  was  derived:  In  D  =  f  (1/T),  where  T  is 
temperature.  This  relation  is  used  to  determine  D, 
and  using  the  tg  of  the  curve  slope  it  is  also 
possible  to  determine  the  activation  energy  for  Cu 
and  Ni  diffusion  on  Mo  surfaces. 

5.  Phase  identification  in  superconductor 
structures  (Y-Ba-Cu-0  ceramics).  EE  method  can 
be  used  to  assess  of  the  proportion  of  the  impurity 
phases  to  the  superconductive  phase  in 
superconductor  structures. 
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Principal  use  areas  of  the  EE  method  are 
represented  on  diagram. 


Fig.  Using  areas  of  exoemission  spectroscopy 

1 .  Analysis  and  effect  control  of  various  types  of 
treatments  on  the  state  of  solid  state  objects 
surface; 

2.  Detection  of  starting  stages  of  materials 
surface  layer  failure  under  mechanical  and 
corroding  effects; 

3.  Control  of  the  conditions  at  protective  films 
forming; 

4.  Control  of  purity  and  defects  of 

semiconductors  surface  in  various  stages  of 
manufacture  of  microelectronics  products 
(photovoltaic  converter  of  solar  energy, 
Shottke  diodes,  sensors  for  various 
appointments  et  al.); 

5.  Control  of  thickness  of  metal  oxides  (Al- 
AI2O3,  Ni-NiO,  Nb-Nb20s); 

6.  Control  of  materials  porosity  (oxide-nickel 
electrodes); 

7.  Estimation  of  corrosion  resistance  of  welded 
joints; 

8.  Control  of  surface  of  materials  working  in 
conditions  of  contact  and  cyclical  loads; 

9.  Undestroying  control  method  of  oxide 
aggregates  (polymer  materials); 

10.  Research  of  absorption  processes  and 
desorption  processes; 

1 1 .  Research  of  radiation  defects,  radiation 
absorption  processes  and  radiation  catalysis 
processes,  heterogeneous  radiolysis  et  al.; 

12.  Exodosimetry; 


13.  Exoemission  spectrometer; 

14.  Energy  analyzer; 

15.  E A  flaw  detector; 

16.  Contact  potential  difference  meter; 

17.  Meter  of  electron  work  function  by  Anderson 
method; 

18.  Conjugation  unit  to  computer. 

In  spite  of  the  certain  progress  achieved  in  the 
research  and  the  practical  use  of  the  EE 
phenomenon,  many  questions  remain  uncertain 
concerning  mechanism  of  the  phenomenon. 
Theoretical  models  based  on  sounding  are 
practically  absent.  The  character  and  yield  depth 
and  energy  distributions  are  obscure.  Although  it 
was  stressed  repeatedly  necessity  on  strict  control 
of  surround  medium  and  realization  of 
measurements  on  certificate  samples,  many  works 
are  fulfilled  as  before  in  vacuum  at  10'  -HO  Pa 
without  control  of  residual  gas  composite.  Absence 
of  basic  understanding  of  the  EE  phenomenon 
prevents  more  extensive  use  of  them. 
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FEATURES  OF  RESEARCHING  STRUCTURE  AND  COMPOSITION  OF 
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Thin  glassy  films  obtained  by  sol-gel  technology 
are  successfully  used  in  a  cycle  of  manufacturing 
of  semi-conductor  devices  as  the  sources  of 
diffusion,  catalytic  coatings,  passivating  films, 
insulating,  getter  and  planarization  layers  [1-4]. 
Thickness  of  films  routinely  is  made  from  30  up 
to  250nm  and  may  change  depending  on 
composition  of  film-forming  sols  and  coating 
conditions.  These  films  deposit  on  semi-conductor 
single-crystal  and  polycrystalline  materials,  as  a 
rule,  with  the  help  of  a  centrifuge.  Therefore  often 
these  films  are  named  “spin-on  glass”  films. 

The  films  routinely  form  from  alkoxide-derived 
sols.  One  of  mostly  used  precursors  is 
tetraethoxysilane  (TEOS).  The  different  dopants 
are  involved  into  the  sols  to  impart  to  the  film 
necessary  properties.  Usually  nitrates  of  metals 
are  used  as  dopant  precursors.  The  sol-gel  method 
allows  involving  a  wide  number  of  the  dopants 
into  the  sols  and  films.  There  are  elements 
traditional  in  semi-conductor  technology  B,  P,  Sb 
as  well  as  Tl,  As,  rare  earth  elements  e.t.c.,  which 
involving  into  the  films  and  semi-conductor  by 
other  methods  is  impossible  or  connects  with 
significant  difficulties.  The  method  is  rather 
simple,  allows  refusing  application  of  highly  toxic 
substances. 

The  spin-on  glass  films  are  an  interesting,  but 
rather  uneasy  subject  of  inquiry.  Here  complex  of 
research  techniques  to  study  the  composition  and 
structure  of  these  films  will  be  considered,  as  well 
as  the  problems,  which  solution  has  scientific  and 
practical  interest,  are  formulated. 

The  TEOS-derived  sols  are  spontaneous  and  self¬ 
organizing  systems.  Their  viscosity  grows 
eventually  and  they  turn  into  a  gel.  Therefore  it  is 
extremely  important  to  define  life  time  of  the  sols 
to  achieve  reproduced  preparing  the  uniform, 
homogeneous  films.  Informative  in  this  respect 
there  was  an  ellipsometry  utilized  by  us  for  these 
purposes  [5],  Spread  in  values  of  film  thickness 
and  refractive  index  is  sharply  increased  for  the 
unusable  sols  and  may  be  criterion  of  their 
quality.  To  define  the  dopant  concentration  in  the 
sols  and  in  the  films  to  within  30  %  the  method  of 


emission  spectral  analysis  is  rather  effective  [6], 
To  realize  the  element  analysis  of  film 
composition  it  is  possible  also  the  using  methods 
of'electron  probe  microanalysis  [7].  A  valuable 
information  source  concerning  to  the  film 
chemical  composition  are  the  infrared,  auger  and 
photoelectronic  spectrum s  [5,8],  At  the  same  time 
the  film  obtained  routinely  are  identify  as 
amorphous  at  use  high-angle  X-ray  scattering  [5]. 
The  methods  of  researching  film  surface 
morphology  play  the  important  role  because  in 
semi-conductor  technology  the  great  value  is 
attached  such  parameters  as  uniformity, 
transparence  and  homogeneous  of  films.  Here  the 
ellipsometry  also  may  be  used  successfully,  e.g.  to 
estimate  the  parameters  of  film  porosity  [9],  The 
last  is  very  important  for  catalytic  coatings.  The 
most  informative  in  this  respect  are  different 
methods  of  optical  and  electronic  microscopy  (as 
transmission  and  scanning).  As  the  spin-on  glass 
films  are  fractal  objects,  one  can  obtain  the 
helpful  information  by  means  of  the  appropriate 
researches  at  different  scale  levels  [10-12], 

A  modem  method  of  researching  structure  of 
materials  is  atomic  force  microscopy  probe.  More 
often  it  is  used  with  reference  to  traditional 
ceramic  materials.  However  the  using  to  research 
the  surface  morphology  of  the  spin-on  glass  films 
also  rather  informative  [13].  The  images  obtained 
by  this  method  allow  showing  the  structure 
modification  caused  by  involving  polymer 
additives  into  the  sols  (see  figure  1  and  2).  , 

Here  we  are  going  to  illustrate  with  concrete 
examples  use  of  the  above-mentioned  methods  of 
researching  the  structure  and  composition  of  the 
spin-on  glass  films  doped  by  B,  Pt  etc. 

The  special  attention  will  be  given  to  consider  the 
opportunities  of  atomic  force  microscopy  probe  to 
estimate  the  porosity  and  homogeneity  of  these 
films. 

Perspective  approaches  to  define  the  valency  and 
a  charge  of  different  dopants  distributed  inside  a 
silica  matrix  will  be  examined.  Similar  researches 
represent  practical  interest  for  the  catalytic 
dopants  Pt,  Pd  and  Mn. 
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Fig.  1  Surface  morphology  of  the  borosilicate 
film  deposited  from  the  TEOS-  and  H3BO3- 
derived  sol. 


Fig.  2  Surface  morphology  of  the 
borosilicate  film  deposited  from  the  TEOS-  and 
H3B03-derived  sol  with  a  polymer  additive. 


Thus,  the  studying  such  objects  as  the  spin-on 
glass  film  is  possible  only  using  the  whole 
complex  of  the  modem  research  methods,  first  of 
all,  spectroscopic  and  microscopic. 
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FRACTURE  INDENTATION  PHENOMENON:  APPLICATION  FOR 
CERTIFICATION  AND  CONTROL  OF  CERAMIC  COATINGS 


Byakova  A.V. 

National  Technical  University  of  Ukraine  "Kiev  Polytechnic  Institute",  Kiev,  Ukraine 


Introduction 

Wide  scope  for  determining  the  mechanical 
properties  of  coatings  has  become  true  due  to 
effective  development  of  the  theory  and  practice 
of  the  indentation  technique.  One  of  the  important 
applications  of  this  technique  to  certification  of 
ceramic  coatings  is  that  related  to  the  Direct  Crack 
Measurement  (DCM)  method  [1,2],  which  has  no 
limitations  to  the  specimen  size  and  based  on  the 
relation  between  the  indentation  cracks  and  the  Kic 
criterion.  Nonetheless,  direct  application  of  this 
method  to  the  subject  matter  is  complicated 
problem  because  of  coating  non-uniformity  and 
the  presence  of  an  initial  field  of  residual  stresses. 
Therefore,  the  characteristic  features  of  the 
indentation  fracture  phenomenon  typical  for 
ceramic  coatings  and  its  application  for  their 
certification  is  reviewed  in  present  report. 


Results  and  Discussion 

The  indentation  'star  pattern'  typical  for  small 
material  pieces  was  observed  only  with  tests  in 
coating  surface,  which  is  isotropic  in  structure  and 
stress  distribution.  This  'star  pattern'  is 
characterised  by  equal  dimensions  of  the  cracks 
occurred  in  the  directions  prescribed  by  the 
indentation  diagonals  (Fig.  la).  However,  with 
tests  in  coating  cross  section  the  substantial 
anisotropy  of  the  fracture  resistance  was  revealed. 
Both  the  probability  of  the  cracking  process  and 
crack  dimensions  in  the  directions  prescribed  by 
the  indentation  diagonals  were  found  to  be 
different  (Fig.l  b-e). 

Two  different  cases  were  pointed  out  and 
classified  when  applying  the  DCM  method  on 
fme-grained  and  course-grained  coatings  for 
which  the  dimensions  of  cracked  indentations 
were  found  to  be  correspondingly  greater  or  less 
than  those  of  crystallites. 

It  was  shown  [2]  in  fine-grained  coatings  (Fig.l) 
that  a  field  of  the  indentation  stresses  ac,  which  is 
usually  symmetrical  referring  to  sections  of  the 


indentation  diagonals,  was  ordered  on  the 
distortion.  Effective  stress  ctc  of  normal  cleavage, 
which  is  defined  by  the  superimposition  of  the  ar 
stress  on  the  ac  stress,  occurs  in  the  section  of  the 
indentation  diagonal  arranged  perpendicular  to 
costing  surface.  With  this  residual  stresses  such  as 
tension/compression  correspondingly  expands  or 
suppresses  the  distance  of  crack  propagation. 
Compared  to  this  above  no  effect  of  the  or  stress 
on  crack  paths  in  the  direction  prescribed  by  the 
indentation  diagonal  arranged  parallel  to  coating 
surface  was  found  experimentally.  It  is  notable, 
that  when  the  indentation  diagonals  are  arranged 
arbitrary  in  respect  to  the  ar  stress,  the  paths  of  the 
cracks  deviate  from  the  directions  prescribed  by 
the  indentation  diagonals  and  form  with  them 
some  angle  0C  (Fig.l  d).  Under  this  condition 
crack  path  is  controlled  by  the  effective  stress  ac, 
which  contains  two  different  components:  normal 
cleavage  (mode  I)  and  transversal  shear  (mode  II). 


Figure  1.  Schematic  presentation  of  the  indentation 
fracture  phenomenon  occurred  in  (a)  surface  and  (b-e) 
cross-section  of  ceramic  coatings,  which  are  affected 
by  residual  stresses  of  (b)  tension  and  (c-d) 
compression;  (e)  crack  systems  observed  under  'edge 
effect'. 
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In  tests  with  coarse-grained  coatings,  indentation 
crack  paths  did  not  deviate  from  the  directions 
prescribed  by  the  indentation  diagonals  since  no 
effect  of  the  <rr  stresses  on  measurement  results 
was  found  [2].  Under  this  condition  the 
experimental  results  probably  reflect  the  fracture 
resistance  of  the  each  grain  similar  to  that  of 
single  crystal.  Thus,  the  fracture  anisotropy  found 
in  coarse  columnar  crystallites  was  considered  to 
occur  because  of  micro-scale  structural  stresses  os 
arisen  due  to  grain  shape  anisotropy. 

Indications  were  obtained  that  the  dimensional 
factor,  which  is  associated  with  the  phenomenon 
called  by  the  'edge  effect',  dictates  the  upper  limit 
of  the  permitted  loads.  If  no  precautions  were 
made  the  'edge  effect'  results  in  increasing  the 
dimensions  of  the  cracks  paths,  which  deviate 
from  the  indentation  diagonals  and  comes  across 
coating  interfaces.  (Fig.le). 

The  study  of  the  indentation  fracture  phenomenon 
has  gained  dominant  feature  for  certification  of 
ceramic  coatings  as  it  incorporates  number  of 
unique  advantages.  First  of  all,  it  was  suggested 
to  define  the  overall  fracture  toughness  of  non- 
uniform  ceramic  coatings  as  a  collections  of  the 
fracture  criteria  presented  in  the  form  of  a 
function  Klc  (y,  cp),  where  y  is  a  distance  from  the 
coating  surface  and  cp  is  coordinate  angle  between 
the  direction  of  crack  propagation  and  the  surface, 
which  with  tests  in  fine-grained  coatings  may  take 
only  the  values  0  and  7t/2. 

Secondly,  correlation  test  method  procedures  were 
developed  when  applying  the  DCM  method  on 
coatings.  The  representative  results  obtained  by 
the  modified  DCM  method  complying  with 
guidance  of  these  test  method  procedures  are 
given  in  Table. 


Table.  Fracture  Toughness  of  Coating 


Coating 

composition 

Thickness, 

pm 

y> 

pm 

9> 

deg 

Klc  (y,  9). 
MPa  •  mI/2 

V2C 

15 

0 

Till 

3.9 

Cr^C* 

3 

8 

0 

1.6 

18 

26 

0 

3.0 

Cr7C3 

26 

7l/2 

4.8 

It  is  notable  that  both  the  Klc(y,  rc/2)  value,  which 
is  influenced  by  both  structural  parameters  and 
residual  stresses  simultaneously,  and  the  Kk(y,  0) 
value,  which  is  independent  of  residual  stresses, 


could  be  determined  as  shown  in  Fig.2.  Thus,  this 
modified  method  makes  it  possible  to  record  the 
structural  zone  and  direction  (see  Table),  which 
are  the  most  dangerous  in  refer  to  catastrophic 
fracture  under  operative  loading. 


Fig.2.  A  summary  of  the  data  for  the  fracture 
toughness  criteria  determined  in  VC-coating  consisted 
of  fine  (~lpm)  equiaxial  grains  vs.  the  value  of  residual 
stresses  ar. 

Concluding  Remarks 

The  results,  which  were  obtained  in  both  scientific 
and  industrial  applications  [3],  showed  that  by  the 
use  of  the  modified  DCM  method  undoubted 
benefits  could  be  derived  additionally  for  effective 
coating  development  and  design  purposes.  In 
particular,  the  modified  DCM  method  was  found 
to  be  quite  informative  in  examination  of 
preferable  micro  mechanism  of  coating  fracture  as 
well  as  fracture  anisotropy  occurred  in  response  to 
structural  anisotropy  as  well  as  that  caused  by  an 
initial  field  of  residual  stresses.  Furthermore,  the 
characteristic  features  of  the  indentation  fracture 
phenomenon  studied  in  coatings  hold  the  key  to 
development  of  the  test  method  procedures 
capable  for  determining  the  intrinsic  stresses 
shared  on  components  distinctive  to  macro-scale 
residual  stresses  and  to  micro-scale  structural 
ones. 
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MOLYBDENUM  TRIOXIDES 
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Reduction  of  monoclinic  tungsten  and 
molybdenum  trioxides  leads  to  formation  of  the 
so-called  Magneli  phases  belonging  to  the 
homologous  series  M^O^-i  and  MJ(C>3»-2  (M  =  Mo, 
W)  having  ordered  {102}  and  {103} 
crystallographic  shear  planes,  respectively  [1],  The 
Magneli  phases  consist  of  largely  unchanged  slabs 
of  either  tungsten  or  molybdenum  trioxidcs  joined 
along  the  mentioned  planes.  Crystal  structures  of 
W03,  M0O3  and  M„0.ih-i  oxides  belong  to  the 
pseudocubic  ReOrtype,  i.e.,  can  be  represented  as 
constructed  from  [M-06]  octahedra  linked  by 
corner  sharing  and  their  arrangement  results  in  a 
simple  cubic  symmetry  [1,2].  Nevertheless,  the 
structures  are  less  symmetrical  then  Re03  because 
of  distortions  of  the  [M-0(l]  octahedra  []].  In 
addition  to  low-temperature  MO3  reduction,  the 
Magneli  phases  may  be  also  prepared  in 
equilibrium  conditions  from  the  corresponding 
components. 

The  new  hexagonal  form  of  tungsten 
trioxide.  h-WO-,,  has  been  synthesized  by  Gerand 
et  al.  [3]  by  dehydration  due  to  dry  heating  of 
W0rl/3*H20  hydrate.  Since  then  h-WCF,  has 
been  intensively  investigated  especially  as  an 
intercalating  host  for  obtaining  hexagonal 
tungsten  bronzes  MvW03  and  a  promising 
material  for  positive  electrodes  of  rechargeable 
lithium  batteries  [4].  As  shown  in  Ref.  5,  h-W03 
could  be  prepared  using  the  low-temperature 
selective  reduction  of  copper  tungstate,  CuWCU 
with  following  Cu  separation  by  dissolving  in 
HNOy  the  hexagonal  hydrogen  tungsten  bronze 
H0.24WO3  was  observed  as  an  intermediate  phase 
[6],  The  oxidation  of  the  bronze  in  air  resulted  in 
formation  of  h-W03  with  cell  parameters 
0=0.7276  nm  and  c=0.7800  nm,  which  are  close 
to  those  obtained  by  Gerand  et  al.  [3]. 

On  the  initial  stage  of  reduction  of  h-W03 
the  nonstoichiometric  h-W02S  phase  was 
synthesized  very  recently  [7].  The  X-ray  powder 
diffraction  analysis  and  subsequent  refinement 


using  the  Rietveld  Full  Profile  Matching  & 
Integrated  Intensities  Refinement  of  X-Ray  and/or 
Neutron  Data  Programs  (FullProf  Version  3.5 
Dec97-LLB-JRC)  indicated  that  the  crystal 
structure  of  the  h-W02S  phase  is  ascribed  to  the 
UOrStructure  type  with  lattice  parameters 
rr=0.3625  nm  and  c=0.3780  nm  [7],  Figure  1 
shows  arrangement  of  the  metal  atoms  in  the 
(001)  plane  of  the  h-W02S  phase  and.  for 
comparison,  of  the  hexagonal  form  of  tungsten 
trioxide. 


8 


Fig.  1.  Arrangement  of  the  metal  atoms  in  the 
(001)  plane  of  I1-WO3  (top  panel)  and  h-W028 
(bottom  panel). 

Electronic  structure  of  tw'o  hexagonal 
tungsten  oxides,  h-W05  and  h-W03..v,  was  studied 
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using  the  X-ray  photoelectron  spectroscopy  (XPS) 
method.  XPS  valence-band  and  core-level  spectra 
were  derived  using  an  ES-2401  spectrometer.  The 
Mg  Ka  (£=1253.6  eV)  excitation  was  used  as  the 
source  of  X-ray  radiation. 

In  tungsten  oxides  the  X-ray  Mg  Ka3;4 
satellite  excitation  of  W  4f7/2>5/2  electrons  overlaps 
the  structure  of  the  XPS  valence-band  spectra 
owing  to  photoemission  from  the  O  2s-like  states 
located  in  the  energy  region  near  22.5  eV  binding 
energies  (BEs)  with  respect  to  the  Fermi  energy, 
Er.  In  the  present  work  the  Mg  Ka  satellite 
excitation  of  the  W  4f7/2,s/2  core-level  spectra  were 
subtracted  using  the  method  [8].  As  an  example, 
Fig.2  shows  the  XPS  spectra  of  the  studied 
compound  without  any  corrections  (solid  curve  1) 
and  after  the  subtraction  (dashed  curve  2)  of  the 
XPS  W  4f  core-level  spectra  excited  by  the 
radiation  of  the  Mg  Ka',a3.6  satellites.  The 
present  XPS  results  indicate  that  the  peak 
intensity  of  the  XPS  valence-band  spectra 
decreases  somewhat  when  going  from  h-WO,  to 
h-W02S. 


Fig.2.  XPS  spectra  of  hexagonal  W02.g  (top 
panel)  and  W03  (bottom  panel):  (1)  without  any 
correction  and  (2)  after  the  subtraction  of  the  W 
4f7/2,5/2  spectra  excited  by  the  radiation  of  the  Mg 
Ka',a3.6  satellites  [7]. 

The  relative  intensities  of  the  O  2s-like 
sub-band  decreases  in  the  sequence  h-W03  — »  h- 
W02.8.  This  can  be  explained  by  the  decrease  of 
the  oxygen  content  in  the  mentioned  sequence  of 
compounds.  The  broad  structures  representing  the 
XPS  O  2s-like  sub-band  do  not  allow  us  to  detect 


any  tendency  of  a  shift  of  the  sub-band  maximum 
when  going  from  h-W03  to  h-W02g:  BEs  of  the 
sub-band  maxima  remain  constant  (within  the 
experimental  error). 

As  shown  in  Fig.2,  the  XPS  W  4f  core¬ 
level  spectrum  of  h-W02  g  shows  that  the  surface 
of  this  compound  is  covered  by  a  thin  film  of 
W03.  We  could  not  eliminate  this  thin  layer  of 
tungsten  trioxide  on  the  surface  of  the  h-W02  8 
compound  using  cleaning  of  the  surface  by  a 
diamond  file.  A  similar  situation  was  observed 
earlier  when  studying  nonstoichiometric  tungsten 
oxides  with  the  structure  belonging  to  the 
monoclinic  group:  the  three-peak  structure  of  the 
W  4f  spectra  is  characteristic  for  the  WO* 
compounds,  where  2<x<3  [9].  As  can  be  seen 
from  Fig.2,  the  XPS  valence-band  spectra  of  the 
nonstoichiometric  h-W028  compound  show  a 
creation  of  an  additional  sub-band  at  E¥.  The  sub¬ 
band  is  absent  on  the  XPS  valence-band  spectrum 
of  h-W03  (as  well  as  of  the  m-W03  compound 
[9]).  According  to  the  results  of  Ref.  [9],  the 
above  near-Fermi  sub-band  of  the  monoclinic 
WOj<3  compounds  is  created  due  to  the  W  5d-  and 
W  6s-like  states  taking  part  in  the  formation  of  the 
shortened  W-W  bonds  in  the  nonstoichiometric 
monoclinic  tungsten  oxides.  It  is  believed  that, 
this  is  also  true  for  the  nonstoichiometric  h-W02.g 
compound  studied.  Half-widths  of  the  XPS  W  4f 
and  Ols  core-level  spectra  increase  somewhat  in 
the  sequence  h-W03  —>  h-W02.g. 

The  analogous  studies  were  carried  out 
for  molybdenum  oxides. 
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SCANNING  TUNNELING  SPECTROSCOPY:  A  NANOMETER 
RESOLUTION  PROBE  OF  ELECTRONIC  PROPERTIES 

Roditchev  D„  Sacks  W.,  Klein  J.,  Cren  T.,  Giubileo  F.(I),  Bobba  F.(l),  Lamy  R. 

Groupe  de  Physique  des  Solides,  C.N.R.S.,  Universites  Paris  6  et  7,  Paris,  France 
0)Physics  Department,  University  of  Saleme,  Saleme,  Italy 


First  implemented  in  1982  by  Binnig  et  Rohrer 
the  Scanning  Tunneling  Microscopy  (STM) 
revolutionized  the  world  of  the  research. 
Relatively  easy  to  construct,  the  STM  allows  a 
very  high  resolution  in  real  space,  and  atomic  or 
molecular  arrangements  are  routinely  observed. 
Since  its  discovery  the  STM  has  become  a 
widely-used  technique  in  many  research  fields: 
surface  science  physics,  chemistry,  biology, 
medicine  etc.  In  all  these  areas  the  STM  is  mostly 
used  to  produce  high-resolution  images  of  studied 
surfaces.  At  the  same  time  one  should  not  forget 
that  the  principle  of  an  STM  is  based  on  the 
quantum  tunneling  of  electrons  across  a  junction 
formed  by  the  sample  surface  and  a  sharp  metallic 
tip.  Due  to  such  a  particular  geometry,  the  electric 
current  (tunneling  current)  flows  only  in  an 
extremely  small  area  of  the  sample,  just  under  the 
tip  apex.  Thus,  the  STM  tip  situated  somewhere 
above  the  sample  surface  may  be  considered  as  a 
local  tunneling  junction. 

The  tunneling  spectroscopy  is  known  for  many 
years  as  a  powerful  method  giving  a  direct  insight 
in  the  electronic  properties  of  materials.  The 
planar  junction  tunneling  is  widely  used  to  study 
the  electronic  structure  of  metals  and 
semiconductors.  It  was  particularly  successful  in 
the  discovery  of  the  energy  gap  in  conventional 
superconductors  (superconducting  gap). 

In  the  STM  geometry  the  tunneling  junction  is 
local  and  the  tunneling  spectroscopy  finds  its  new 
dimension  -  the  electronic  structure  may  be 
studied  on  the  nanometer  scale,  thus  allowing  the 
mapping  erf  the  electronic  states  in  spatially 
inhomogeneous  materials.  The  Scanning 
Tunneling  Spectroscopy  (STS)  combines  the 
STM  imaging  and  the  tunneling  spectroscopy 
which  is  performed  locally  in  each  point  of  an 
topographic  STM  image,  taken  simultaneously. 
Although  the  STS  technique  is  much  harder  to 
realize,  it  gives  complete  information  about  the 
spatial  distribution  of  the  density  of  electronic 
states  (DOS)  with  record  spatial  and  energy 
resolutions. 


In  this  work  we  report  a  new  high-speed 
scanning  tunneling  spectroscopy  experiment, 
which  Jed  us  to  perform  a  full  mapping  of  the 
quasiparticle  DOS  in  high-Tc  superconductors  as 
well  as  in  a  recently  discovered  superconductor 
MgB2  [1].  In  this  material,  a  veiy  high  critical 
temperature  T'c~39K,  well  above  the  values 
reported  for  all  other  conventional 

superconductors,  and  quite  simple  binary 

structure,  make  it  a  good  candidate  for  future 
technological  applications.  That  is  why,  this 

discovery  stimulates  a  great  effort  of  the  research. 

In  the  case  of  high-T<y  materials  the 

measurements  canned  out  at  5K  show  a  complex 
spatial  pattern  of  important  variations  of  the 
LDOS  in  both  Bi2-xPbxSr2CaCu20g+  and  in 
YBagC^Oy.  (single  crystals  and  thin  films)  on 
the  nanometer  scale  [2],  In  these  materials  the 
superconducting  areas,  characterized  by  a  well- 
pronounced  superconducting  gap  (regions  A  in 
fig.l),  arc  co-existing  with  of  a  peak-less  gap 
structure  which  we  called  low  temperature 
pseudogap  (LTPG)  regions  B  in  fig.l). 

Within  the  large  superconducting  regions,  the 
spectra  reveal  strong  peak/dip/hump  signatures, 
identical  to  the  pristine  Bi2-xPbxSr2CaCu20g+ 
case  (these  peak/dip/hump  spectral  features  are 
the  subject  of  interest  in  many  research  groups 
right  now).  On  the  contrary,  in  very  small 
superconducting  regions  this  fine  structure  is 
attenuated.  We  relate  the  peak/dip/hump  features 
to  the  scale  of  the  phase  coherence  [4],  whereas 
the  regions  with  LTPG  arc  associated  with  a 
coherence-less  state.  Our  STS  study  suggests  that 
the  local  loss  of  superconducting  phase  coherence 
is  a  natural  consequence  of  in  both  intrinsic 
(doping  induced  impurities)  and  extrinsic 
(substitution)  disorder  in  quasi-  2D  cuprates. 
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Fig.l  Spatial  variations  of  the  DOS  in  Biy- 
xPbxSr2CaCu20s+  ■  ■  Lefl  image:  DOS  at 
lOOmeV  above  the  Fermi  level,  well  beyond  the 
super  conducting  gap  energy.  The  state  density  is 
perfectly  homogeneous  over  the  scanned  area. 
Right  image:  DOS  map  at  the  bias  voltage 
V=43m  V  corresponding  to  the  energy >  of  the 
superconducting  gap  of  the  material.  Two  kinds  of 
regions  are  visible:  i)  superconducting  areas  ( 
bright  regions  A)  and.  ii)  non-superconducting 
areas  ( dark  regions  B). 

Both  maps  correspond  exactly  to  the  same 
area  of  150nm  x  150nm  on  the  sample  surface. 

In  the  case  of  new  superconductor  MgB2  ,  due 
to  the  STS  we  acquire  a  huge  number  of  tunneling 
spectra  (more  than  106)  allowing  a  significant 
statistics.  The  measurements  were  performed  on 
MgB2  powder,  which  was  glued  to  the  sample 
holder  by  silver  paint.  Mechanically  etched  Pt/Ir 
wires  were  used  as  STM  tips.  The  local  tunnelling 
spectra  have  a  very  particular  shape  in  some 
locations,  as  shown  in  fig. 2a.  They  show  a 
relatively  small  gap  <4mV  with  almost  no 
excitations  near  the  Fermi  energy  (the  tunneling 
DOS  is  practically  zero  at  zero  bias).  The  gap  is 
followed  by  two  pairs  of  quasiparticle  peaks,  that 
are  seen  in  both  occupied  and  empty  states  sides 
[5], 

Such  a  DOS  shape  can  be  understood 
considering  the  contribution  of  two  distinct  gaps, 
with  the  magnitudes  of  3.9mV  and  7.5mV,  i.e. 
well  below  and  well  above  the  BCS  limit  (fig. 
2b). 

Our  finding  gives  no  evidence  for  any 
important  gap  anisotropy.  Instead,  it  suggests  that 
MgB2  is  a  multiple  gap  superconductor  in  the 
clean  limit,  becoming  the  single  gap 
superconductor  in  the  dirty  limit  [6]. 


Fig.2.  Two-gap  superconductivity  inMgBy- 
Left  panel:  Superconducting  DOS  observed  in 
different  locations  of  the  same  granular  sample. 
In  all  cases,  the  superconducting  gap  is  clearly 
observed  near  the  Fermi  energy >  (almost  no  states 
at  zero  tunneling  voltage).  Two  pairs  of 
quasiparticle  peaks  are  evident  on  each  side  of 
the  Fermi  energy’  instead  of  only  one  predicted 
theoretically  for  conventional  superconductivity. 
The  experimental  data  (points)  are  perfectly  fitted 
by  a  weighted  sum  of  two  superconducting  state 
densities  (theoretically  predicted  by  BCS)  with 
two  corresponding  superconducting  gap  energies 
(lines). 

Right  panel:  Numerically  generated 

superconducting  DOS,  considering  two  quasi¬ 
independent  superconducting  gaps  in  the  same 
material  in  the  directional  tunneling  regime. 

The  details  of  the  experimental  set-up 
allowing  such  a  fine  STS  at  low  temperature 
on  conducting  materials  are  discussed. 
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FURTHER  ADVANCE  IN  USAGE  OF  THE  COMPOSITE  PIEZOELECTRIC 
VIBRATOR  METHOD:  NONDESTRUCTIVE  ACOUSTIC  SPECTROSCOPY 
OF  MATERIALS  AT  HIGHER  HARMONICS 

Smirnov  S.N..  Natsik  V.D.,  Pal-Val  P.P. 

B.  Verkin  Institute  for  Low  Temperature  Physics  and  Engineering,  National  Academy  of  Sciences 
of  Ukraine,  Lenin  Ave.  47,  61103  Kharkov,  Ukraine 


Resonance  ultrasonic  methods  (in  particular, 
the  method  of  a  two-component  composite 
piezoelectric  vibrator)  are  widely  used  in  the 
modem  materials  science  for  experimental  study 
of  the  effects  stipulated  by  local  structural 
rearrangements  of  a  different  nature.  The  main 
advantages  of  the  resonance  methods  are  their  high 
sensitivity  and  high  selectivity  relative  to  the 
measured  experimentally  values.  In  particular,  the 
composite  vibrator  technique  is  rather  efficient 
tool  for  the  acoustic  spectroscopy  of  crystals  in  the 
frequency  range  from  5104  Hz  to  2TC>6  Hz.  This 
method  allows  studying  thermally  activated 
structural  processes  in  solids  with  the  broad 
enough  spectra  of  the  relaxation  times.  Activation 
parameters  of  such  processes  may  be  obtained  by 
the  well-known  method  of  a  change  of  the 
oscillation  frequency  of  the  composite  vibrator.  To 
provide  nondestructive  character  of  the  acoustical 
spectroscopy,  the  main  problem  is  to  retain  the 
defect  structure  of  samples  unchanged.  It  is 
especially  important  when  studying  the  low- 
energy  structural  rearrangements  with  the 
activation  energies  about  10'2  eV  and  lower  which 
determine  a  number  of  physical  properties  of 
solids  at  low  and  very  low  temperatures. 

In  practice,  the  oscillation  frequency  change 
is  realized  traditionally  by  successive  testing  of  a 
sample  with  the  help  of  several  piezoelectric 
transducers  with  different  basic  resonant 
frequencies.  However,  such  procedure  has  the 
essential  disadvantages  restricting  area  of  its 
application.  Each  piezoelectric  transducer  must  be 
repeatedly  adjusted  in  length  to  a  sample  under 
investigation.  Alongside  with  other  required 
technological  manipulations  with  the  sample,  these 
repeated  adjustments  may  also  cause  serious 
mechanical  damages  of  the  sample  and  thus  to 
result  in  unchecked  irreversible  changes  in  the 
defect  structure  of  samples.  At  the  low- 
temperature  measurements  there  appears  an 
additional  risk  factor:  each  cycle  of  measurement 
may  be  accompanied  by  the  hardly  predictable 


structural  changes  due  to  the  action  of  the 
thermoelastic  stresses  arising  at  temperature 
cycling.  For  the  reasons  mentioned  above,  the 
procedure  of  successive  usage  of  several 
piezoelectric  transducers  is  of  little  use,  for 
example,  for  analysis  of  relaxation  processes  in  the 
functional  materials  with  a  low  yield  strength 
because  of  high  sensitivity  of  the  parameters  of 
their  defect  structure  to  small  external  influences. 

As  the  alternative  way  of  the  oscillation 
frequency  change  in  the  experiment,  free  from  the 
restrictions  listed  above,  the  excitation  of  the 
composite  vibrator  at  higher  harmonics  may  serve. 
It  should  be  noted,  however,  that  a  correct 
algorithm  of  processing  of  the  obtained 
experimental  data  when  using  such  a  procedure,  is 
not  designed  till  now.  This  circumstance 
essentially  restricts  application  of  the  excitation  of 
the  composite  vibrator  at  higher  harmonics  as  a 
non-destructive  method  of  material  testing. 

Earlier  we  have  suggested  a  theory  of  the 
forced  longitudinal  vibrations  in  the  two- 
component  composite  vibrator  of  a  rod  type  with  a 
piezoelectric  transducer  [1],  We  have  not  used  the 
approach  of  a  thin  rod  and  therefore  the  theory 
may  be  used  for  the  description  of  oscillations  at 
the  basic  and  several  higher  harmonics  as  well. 
The  theory  is  based  on  the  general  relations  of  the 
dynamic  of  the  linear  hereditary  elastic  continuum. 
When  deriving  the  vibrator  characteristics,  the 
dissipative  properties  of  the  vibrator  are  correctly 
taken  into  consideration.  The  problem  of  the 
influence  of  dissipative  losses  on  the  spectrum  of 
the  resonant  frequencies  is  also  studied  in  detail 
and  an  expression  for  the  electrical  impedance  of 
the  vibrator  is  obtained.  When  deriving  the 
expression  for  the  electrical  impedance,  any 
essential  restrictions  on  geometrical  parameters  of 
the  vibrator  and  the  type  of  the  frequency  variance 
of  the  complex  elastic  moduli,  the  electric 
permittivity  and  piezoelectric  coefficients  are  not 
superimposed.  Resonance  properties  of  the  piezo¬ 
crystal  and  the  composite  vibrator  as  a  whole  are 
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discussed  in  detail  and  the  relations  of  several 
lowest  resonant  frequencies  and  the  resonance 
values  of  the  pure  electric  resistance  with  the 
elastic  and  dissipative  parameters  of  the 
components  of  the  vibrator  are  obtained  and 
carefully  analyzed.  Results  of  the  analysis  are 
presented  as  the  formulas  and  the  algorithms 
suitable  for  practical  usage.  On  this  basis,  the 
algorithm  of  determination  of  the  logarithmic 
decrement  of  oscillations  and  the  complex 
modulus  of  a  passive  component  of  the  vibrator 
(i.e.,  of  the  sample)  including  preliminary  testing 
of  a  piezo-crystal  is  offered. 

In  the  present  communication,  the  further 
development  of  the  method  of  the  two-component 
composite  vibrator  for  a  nondestructive  ultrasonic 
spectroscopy  of  solids  is  suggested.  On  the  basis 
of  the  theory  developed  in  paper  [1],  a  new 
algorithm  of  deriving  of  the  frequency 
dependences  of  internal  friction  in  materials  from 
the  experimental  data  obtained  by  the  method  of 
consecutive  excitation  of  the  composite 
piezoelectric  vibrator  on  higher  harmonics  is 
offered.  Sets  of  the  experimental  values  of  the 
vibrator  resonant  frequencies  and  values  of  the 
pure  electric  resistance  at  these  frequencies  are 
taken  as  the  basic  values  for  the  calculations. 

The  algorithm  includes  simultaneous 
processing  of  the  ensemble  of  the  experimental 
parameters  obtained  at  several  harmonics  and 
consists  of  two  stages.  At  the  first  stage, 
preliminary  testing  of  the  piezo-crystal  in  a 
selected  frequency  range  is  carried  out  and  the 
values  of  the  electromechanical  coefficients  and 
the  parameters  describing  propagation  and 
attenuation  of  the  acoustic  wave  in  the 
piezoelectric  transducer  are  determined. 
Preliminary  testing  of  the  piezo-crystals  enhances 
essentially  performance  capabilities  of  the 
developed  procedure  and  allows  to  select  an 
optimal  type  of  the  transducer  for  carrying  out  the 
concrete  acoustic  investigations. 

For  elastic  waves  in  a  passive  component  of 
the  vibrator  (i.e.,  in  the  studied  sample),  it  is 
possible  to  introduce  the  dispersion  relation  as  a 
power  series  relative  to  the  complex  propagation 
coefficient  k: 

a>2  =  E k  2  (1  +  6  i  &  2  +  #2  k^). 

Here  co  is  the  angular  frequency  of 
oscillations,  E  =  E  '  +  iE  "  -  the  complex  Young's 
modulus  for  the  longitudinal  strain  along  the 


sample  axis,  and  6 j  -  some  coefficients  dependent 
on  the  material  parameters  of  the  sample  (the 
elastic  compliance  tensors,  the  electric  permittivity 
and  piezoelectric  coefficients)  that  must  be 
determined  from  the  experiment. 

The  second  part  of  algorithm  suggested  is  a 
self-consistent  procedure  of  obtaining  of 
parameters  6  Then,  with  the  help  of  coefficients 
6  j  ,  the  components  of  the  complex  Young's 
modulus  are  determined,  and  also  the  absorption 
coefficients  and  the  logarithmic  decrements  of 
oscillations  of  the  passive  component  of  the 
vibrator  (i.e.,  of  the  sample)  are  evaluated  for  each 
resonant  frequency. 

A  package  of  application  programs  for  the 
acoustical  experiment  management,  mathematical 
processing  and  record  of  the  information  obtained 
in  the  experiment  is  developed  by  authors.  The 
programs  allow  to  implement  the  suggested 
algorithms  both  in  testing  of  the  piezoelectric 
transducers  and  in  deriving  the  dissipative  and 
elastic  characteristics  of  the  investigated  materials 
with  the  help  of  a  personal  computer  in  the  real¬ 
time  mode. 

The  suggested  algorithm  and  the  programs 
were  approved  by  us  during  the  low-temperature 
acoustical  experiment  and  interpretation  of  the 
obtained  experimental  data  when  studying  in  the 
range  2  -  20  K  the  temperature  dependences  of 
ultrasonic  properties  of  the  alkali-haloid  single 
crystals  Csl  widely  used  in  the  modem  science  and 
technique  as  scintillators  in  the  ionizing-radiation 
detectors.  With  the  help  of  the  algorithm  offered, 
the  activation  parameters  of  the  discovered  low- 
energy  relaxation  processes  with  the  characteristic 
activation  energies  about  10~3  -  10"2  eV  were 

correctly  determined  [2,  3]. 
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ACOUSTIC  MATERIALS  SCIENCE  TODAY 

Bezimyanniy  Y.G. 

I.N.Fransevich  Institute  for  Problems  of  Materials  Science  of  NAS  of  Ukraine,  Kiev, 

Ukraine 


Effective  application  of  any  material  to  solve 
the  concrete  consumers'  problem  suggests  that  this 
material  has  certain  operating  characteristics. 
Technical  progress  constantly  specifics  the 
stringent  requirements  to  these  characteristics  what 
stimulated  application  of  materials  with  new'  and 
more  unique  properties.  [1] 

Life  of  material  may  be  divided  into  three 
main  stages:  development,  production  and 
operation.  For  effective  practical  application  of 
material  a  number  of  problems  need  to  be  resolved 
at  each  stage. 

So,  development  of  new  materials  is  related  to 
the  optimum  technolog)'  for  their  production.  The 
technology  must  provide  formation  of  the  given 
properties.  Here  w?e  should  mark  out  three 
problems:  development  of  the  technology  itself 
that  is  a  combination  of  some  operations;  its 
refinement  and  the  change  of  characteristics 
desired;  analysis  of  possibilities  for  the  newly 
developed  material  and  certification  of  its 
properties. 

Development  of  materials  with  concrete 
properties  according  to  the  certain  technology  is 
important  at  the  production  stage.  Here  we  can 
mark  out  two  main  problems:  production  of 
material  by  means  of  the  chain  of  the  certain 
technological  operations  developed  and  testing  the 
products.  Testing  sets  up  correspondence  of  the 
products  to  the  certificate  data. 

Provision  of  reliable  operation  of  the  material 
is  important  at  the  third  srage.  Here  the  main 
problem  is  testing  how'  the  material  can  retain  its 
operating  characteristics. 

These  problems  may  be  resolved  by  different 
ways.  Application  of  acoustic  methods  of  action  on 
materials  (ultrasound  technologies),  measurements, 
control  and  testing  allows  us  to  achieve  the  best 
and  sometimes  only  possible  results  [2-1]. 
Classification  of  acoustic  methods  applications  in 
materials  science  is  shown  in  Fig.  1 .  Examples  of 
acoustic  methods  of  action,  research  and  testing 
applied  to  solve  different  problems  are  considered. 

The  advent  of  new  materials  having  specific 
properties  and  the  present  achievements  in  science 
and  technolog)'  give  rise  to  the  development  of 
acoustic  methods.  The  more  complex  material  is, 
the  more  difficult  its  development  and  production 


are.  The  qualified  evaluation  of  its  properties  is  a 
complicated  problem.  These  problems  need  to  be 
resolved  by  means  of  more  highly  organized 
technological  processes,  complex  methods  for 
research  and  testing.  At  present  there  are  hundreds 
of  acoustic  methods  that  differ  by  their  physical 
essentials,  power,  frequency  band,  parameters  used 
etc.  The  choice  of  the  acoustic  method  is  related  to 
the  type  of  the  problem  resolved,  features  of  the 
technological  process  and  (or)  the  structure  of 
material.  Classification  of  acoustic  methods 
applied  in  materials  science  is  shown  in  Fig. 2. 
Physical  essentiality  of  above  methods  is 
considered. 

We  do  not  always  succeed  in  applying  the 
already  known  acoustic  method  to  solve  the 
materials  science  problems  especially  related  to  the 
materials  w'ith  a  complex  structure.  Methodology 
for  development  of  the  acoustic  method  satisfying 
the  solution  of  the  problem  formulated  is 
described. .  [8] 
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Fig.l.  Application  of  acoustics  in  materials  science 
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Fig. 2.  Classification  of  acoustic  methods  applied  in  materials  science 
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HIGH-TEMPERATURE  RAMAN  SPECTROSCOPY  OF  DEFECT 
STRUCTURE  IN  COMPOSITE  OXIDE  PHASES 

Koviazina  S.A.,  Pereliaeva  L.A.,  Leonidova  O.N.,  Leonidov  I. A.,  Strekalovsky  V.N.(1) 

Institute  of  Solid  State  Chemistry,  Ural  division  Russian  Academy  of  Science,  Ekaterinburg,  Russia 
{l  'institute  of  Hightemperature  Electrochemistry,  Ural  division  Russian  Academy  of  Science, 

Ekaterinburg,  Russia 


The  high-temperature  studies  «in  situ»  are  of 
considerable  interest  both  in  synthesis  and  in 
study  of  properties  in  different  materials.  Methods 
of  vibrational  spectroscopy  are  fruitful  for  study 
of  crystalline  structure  dynamics  as  these  methods 
are  possessed  of  high  sensitivity  to  short-range 
order.  IR  and  Raman  spectroscopies  allow  to 
investigate  local  structure  distortions  in  response 
to  doping  of  the  compounds  and  to  fix  an 
appearance  of  new  phases  fragments  in  phase 
transitions. 


750  i _ i _ l _ , _ .  , 

0  200  400  600  800  1000 

T,°C 


Fig.  The  temperature  influence  on  the  position 
of  Raman  bands  and  calcium  conductivity  in 
Ca2  64Nd0.24(VO4)2. 

The  investigation  of  structure  disorder  of 
phases  with  variable  compositions 
Ca3.xNd2)i/3(A04)2,  where  A  =  P,  V  and  0  <  x  <  3/7 
by  means  of  Raman  spectroscopy  at  high 
temperatures  is  performed  in  this  work. 

Raman  spectra  were  collected  with  Renishaw- 
1000  spectrometer  in  backscattering  geometry 
with  CCD  signal  detection.  Raman  scattering  was 
exited  by  the  Ar+  laser  at  a  wavelength  514.5  nm. 


High-temperature  experiments  were  carried  out 
with  a  LINKAM  TMS-1500  heating  stage  up  to 
1000°C. 

The  observed  Raman  bands  in  Ca3(V04)2  are 
distributed  only  in  two  wavenumber  regions 
corresponding  to  the  V-0  stretching  modes  (950  - 
750  cm'1),  O  -  V  -  O  bending  modes  mixed  with 
the  translational  and  rotational  modes  of  V04  - 
groups  as  well  as  Ca2'  cation  displacements  (450 
-  50  cm  ■').  The  Raman  bands  in  P  -  Ca3(P04)2  are 
distributed  in  five  distinct  170  -  305  cm'1,  405  - 
483  cm'1,  547  -  631  cm'1,  946  -  970  cm'1,  1005  - 
1091  cm'1  wavenumber  ranges,  corresponding  to 
the  lattice  modes  v2,  v4,  v,  and  v3  internal  modes 
of  the  P043'  ions,  respectively. 

The  Raman  spectra  of  phases  with  variable 
compositions  are  similar  to  spectra  of  Ca3(V04)2 
and  Ca3(P04)2  at  ambient  temperature,  as  Raman 
band  shifts  are  insignificant.  There  are  band 
broadening,  considerable  wavenumber  shifts, 
decreasing  peak  intensities  and  smearing  of  all 
spectrum  with  temperature  increase.  The 
considerable  changes  in  spectra  for  orthovanadate 
and  phases  with  variable  compositions  based  on  it 
are  fixed  at  200°C,  while  corresponding  changes 
in  spectra  for  phases  based  on  orthophosphate 
appear  at  higher  temperatures.  At  cooling  up  to 
ambient  temperature  spectra  return  to  the  initial 
form. 

Observed  changes  in  Raman  spectra  in  the 
temperature  range  20  -  1000°C  we  connect  with 
reversible  phase  transition,  accompanied  by  the 
redistribution  of  structural  vacancies  on  different 
calcium  positions.  The  sharp  increasing  of 
calcium  conductivity  at  temperature  near  phase 
transition  (Fig.),  when  new  P’  -  phase  fragments 
appear  correlates  with  changes  in  Raman  spectra. 
New  P'  -  phase  was  detected  by  mean  of  Raman 
spectroscopy  at  600°C  for  phases  with  variable 
compositions  Ca3.xNd2x/3(P04)2  with  large 
neodymium  content.  This  result  is  in  good 
agreement  with  the  results  obtained  by  means  of 
the  thermal  analysis  and  the  measurements  of 
cation  conductivity. 

The  influence  of  the  structure  disorder  on 
calcium  mobility  is  also  considered  in  this  work. 
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APPLICATION  OF  GLOW  DISCHARGE  MASS  SPECTROMETRY  FOR 
ANALYSIS  OF  ADVANCED  MATERIALS 

Kurochkin  V.D. 

Institute  for  Problems  of  Material  Science,  NAS  of  Ukraine,  Kyiv,  Ukraine 


Glow  discharge  mass-spectrometry  ranks 
among  the  most  advanced  methods  of  modern 
analytical  chemistry.  This  method  allows  to 
measure  concentrations  of  all  elements  and 
isotopes  of  the  periodic  table  without  preliminary 
treatment  in  concentration  range  from  tenth 
percents  to  sub-ppb  level  (<  1 0'7%).  At  the  start  of 
the  analytical  process  sample  introduction  has 
great  influence  on  system  performance.  Such 
methods  as  atom-absorption  analysis  (AAA), 
emission  spectral  analysis  with  inductively 
coupled  plasma  (ESA-ICP)  require  preliminary 
treatment  of  samples  (dissolution,  concentration) 
and  have  many  limitations  for  certain  elements.. 
The  principal  restriction  of  traditional  methods  is 
lack  of  information  on  isotopic  composition  of  a 
sample.  Such  information  is  very  important  in 
geology,  monitoring  of  environmental  pollution, 
analysis  of  isotopic  enriched  elements. 

GDMS  is  now  well  accepted  as  good 
technique  for  depth  profiling  study.  It  has  a 
distinct  advantage,  since  it  is  capable  of 
penetrating  to  micron  depths,  quickly,  over  a 
relatively  large  surface  area,  averaging  out  the 
often  considerable  variations  in  detailed 
composition  of  the  surface. 

The  main  problem  of  the  GD-MS  are 
molecular  ions  (MI),  known  as  source  of  spectral 
interferences.  Glow  discharge  in  argon  produces  a 
great  number  of  ionic  compounds  of  argon  ions 
with  other  argon  isotopes,  gases  -  H,  O,  N,  C, 
components  of  the  sample  and  molecules  formed 
from  sample  components.  The  number  of  possible 
combinations  runs  into  the  thousands.  Despite 
high  resolution  of  modern  instruments  (5000  - 
10000  at  50%  of  a  peak  intensity)  these 
polyatomic  ions  may  be  insufficiently  resolved 
from  the  isotope  investigated.  Molecular 
interferences  are  the  primary  source  of  incorrect 
analysis. 

The  analysis  of  detrimental  impurities  in 
materials  used  as  implants  must  be  safe  against 
analytical  errors.  Surgeon’s  implants  with 
impurities  exceeding  the  limit  of  tolerance  may  be 
harmful  to  the  health.  Similar  heavy  demands 


imposes  also  the  trace  analysis  of  drinking 

water.  • 

The  problem  of  molecular  interferences  is 
always  in  focus  of  attention  of  design  engineers  and 
scientists  -  users  of  GDMS  instruments.  The  most 
sophisticated  software  of  manufacturing  company 
calculates  only  the  mass  of  ion.  The  main  reason  of 
inefficiency  of  modern  methods  is  lack  of 
theoretical  methods  for  calculation  of  molecular  ion 
concentrations  in  the  glow  discharge  plasma. 

A  stride  forward  could  be  done  on  a  basis  of 
fundamental  investigations  of  processes  in  GD 
plasma.  The  main  subject  of  this  paper  is  result  of 
investigations  of  mechanism  of  ion-molecular 
reactions  between  discharge  gas  and  particles  of 
sputtered  cathode,  investigation  of  stability  of 
molecular  ions  and  their  dependence  of  discharge 
parameters. 

Concentrations  of  cluster  ions  of  the  form 
ArX+  and  simple  ions  were  studied  as  functions  of 
direct  current  glow  discharge  parameters.  Mass  - 
spectrometric  measurements  were  carried  out  at 
constant  voltage,  pressure  and  constant  discharge 
current  when  varying  other  two  parameters.  Typical 
curves  for  constant  voltage  are  given  in  the  fig.l 


Fig.l.  Normalized  integrated  currents  of  single 
charged  ions  as  functions  of  discharge  current 
(pressure)  at  constant  voltage  1  kV. 

Results  obtained  show  that  formation  of 
molecular  ions  proceeds  through  the  stage  of 
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intermediate  excited  ionic  cluster.  This  cluster 
goes  into  the  product  by  monomolecular  reaction 
with  radiation  according  to  the  reaction: 

k  i  ki 

Ar'+X  <=>  ArX  <r>  ArX'+hv  (1) 

k.|  k.i 

Elimination  of  Ml  and  excited  clusters 
occurs  mainly  in  collision-induced  dissociation 
by  argon  atoms.  This  mechanism  explains 

practically  stable  concentrations  of  MI  at  constant 
voltage  for  currents  above  1.5-2  mA  and 
respectively  increased  pressures  whereas 
concentrations  of  reagents  increase.  Normalized 
to  the  matrix  current  concentrations  of  molecular 
interferences  may  be  reduced  in  an  order  of 
magnitude  using  increased  current  and  pressure. 
This  dependence  may  be  used  as  an  indicator 
pointing  out  on  MI  and  improving  detection  limit 
in  GDMS  analysis  of  samples  with  complex 

matrices. 

These  investigations  were  used  for 
mathematical  simulation  of  mass-spcctra  [1,2],  In 
the  Fig.  2  and  3  are  shoVvn  calculated  and 
measured  spectra  in  analysis  of  cobalt  alloy  used 
as  surgeon  implant. 
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Fig.2.  Calculated  and  measured  mass-spcctra  in 
determination  of  Cd  at  analysis  of  Co-alloy. 


Molecular  interference  of  97Mou,04  is  the  reason  of 
this  restriction. 


Fig  3 .  Calculated  and  measured  mass-spectra  in 
determination  of  Cd  at  analysis  of  Co-alloy. 


As  an  example  in  the  table  are  given 


calculations  for  other  isotopes  of  Cd. 


Isotope 

Detection  limit , 
ppm  ( 1 0'4%  ) 

Interfernces 

Cdl  10 

<0.3 

Mo96N14 

Cdl  11 

<0.3 

Mo97N14 

Cdl  12 

<0.3 

Mo98N14 

Cdl  13 

0.7 

Mo970I6 

Cdl  14 

0.6 

Mol00N114 

Cdl  16 

7.0 

(Ar40)2Ar36 

•  at  concentrations  of  N  and  O  about  1 00  ppm 
Similar  calculations  were  performed  in 
analysis  of  hydrogen  storage  materials,  new  types 
of  aluminum  alloys,  titanium  alloys,  refractory 


steels  and  others.  The  combination  of  high 
resolution  mass-spectrometer  with  glow  discharge 
plasma  is  also  effective  in  the  studying  of  ion- 
molecular  reactions  involving  carbon  atoms  [3]. 
Results  demonstrate  ability  of  the  method  to 
improve  correctness  of  analysis  and  point  out  the 
way  to  minimize  influence  of  molecular 
interferences  in  GDMS. 


Comparison  calculated  and  measured  spectra 
indicates  that  mathematical  mode!  gives  good 
qualitative  and  quantitative  information  in  the 
area  of  spectra  studied.  Calculations  show  that 
isotope  Cdl  1  1  allows  to  reach  detection  limit  of 
about  10  ppm  (concentration  of  N  =  3000  ppm).  It 
restricted  mainly  by  molecular  ion  97MoHN’  and 
wing  of  a  line  59Co53CrT  Use  of  isotope  Cdl  13 
allows  to  improve  detection  limit  down  to  1  ppm. 
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HIGH-TEMPERATURE  X-RADIOGRAPHY  IN  PHYSICAL  METALLURGY 
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The  study  of  diffusion  and  phase 
transformations  is  the  theoretical  base  of 
physical  metallurgy.  X-ray  diffraction 
analysis  gives  the  very  objective  information 
about  the  changes,  which  take  place  during 
this  processes.  However,  X-ray  analysis  of 
research  subjects  is  making  at  room 
temperature.  Kinetics  of  phase  changes  at 
high  temperature  remains  uncontrolled  under 
such  conditions. 

High-temperature  X-ray  diffraction  analysis 
extends  the  information  about  diffusion  and 
phase  transformations  and  gives  a  possibility 
to  control  the  material  structure  formation  at 
different  stages  of  heat  treatment.  During 
many  years  we  conduct  the  investigations  in 
this  direction.  This  investigations  show  the 
prospects  in  store  of  application  and 
development  of  such  research  method. 

We  employed  a  special  technique  of  high- 
temperature  X-radiography  [1]  for  studying 
the  diffusion  processes  and  phase 
transformation,  which  take  place  right  at  the 
temperature  of  heat  or  thermochemical 
treatment. 

The  nitrogen  solubility  in  polycrystalline  and 
single  crystal  made  of  iron  alloys  was 
investigated  with  the  help  of  this  method.  The 
sequence  of  changes  of  interference  patterns 
were  recorded  in  Fe-Ti  polycrystalline  objects 
at  698K  (Fig.l).  This  changes  showed  the 
increasing  of  a  solid  solution  lattice 
parameter.  That  is  connected  with  the  rising 
of  nitrogen  solubility  in  a  phase. 

The  scales  of  changes  of  nitrogen  solubility 
depending  on  titanium  content  are  presented 
at  Fig.2. 

The  nature  of  nitrogen  solubility  changes  was 
studied  on  iron-silicon  single  crystals  [2]. 
Radial  blurring  of  all  the  spots  in  Laue 
diffraction  pattern  (Fig.  3)  is  a  consequence 
of  the  increase  in  nitrogen  solubility  The 
presence  of  the  additional  interference  bands 
of  asterism  is  a  result  of  the  precipitation 
from  a  solid  solution  of  a  nitride  phases. 
High-temperature  X-radiography  was  used  to 
research  the  features  of  joint  influence  of 
nitrogen  and  carbon  on  the  sequence  of  phase 


\i  T“ 

y'  -  KejN  (200)  j 

T“ 

(311) 

aN— Fe  (200) 

(211) 

Figure  1.  High-temperature  X-radiographic 
pattern  of  the  surface  of  Fe+l,96%Ti  alloy. 
Nitriding  at  698K  for  2  h. 


a-Fe  (200)  (211) 


Figure  2.  High-temperature  X-radiographic 
pattern  of  Fe-Ti  alloys,  nitriding  at  698K  for  2  h: 
1  -  Fe;  2  -  0,35;  3  -  0,6;  4  -  0,95;  5  - 1,96%  Ti. 
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formation  (solid  solutions,  carbide,  nitride, 
carbonitride  phases)  in  the  course  of 
saturation  of  steel  18XTT  (Fig.  4)  [3], 


a-Fe  (110) 


a 


FejNflOOj 

(002) 


loot  I  (i02> (i  io>( ioi)( 1 1: 


(102)  (1 10)(  103)(  1 12)  (004) 
(201) 


( 101) 


b 

Figure  3.  Laue  diffraction  patterns  of  the 
transformer  steel  single  crystals  (Fe+3.08% 
Si  by  mass):  a  -  initial  state  prior  to  nitriding; 
b  --  high-temperature  X-ray  photography: 
nitriding  at  823K  for  3  h. 

The  temperature  intervals  of  a->p  phase 
transformation  of  cobalt  depending  on  the 
time  of  ultrasonic  treatment  were  determined 
with  the  help  of  high-temperature 
radiography  [4], 

Wide  information  about  chemical  elements 
redistribution  in  the  process  of  isothermal 
decomposition  of  a  supercooled  austenite  in 
steels  and  highly  strong  spheroidal  graphite 
cast  iron  is  accumulated  by  this  research 
method.  Decomposition  of  the  high-nitrogen 
austenite  was  investigated  in  the  823-473K 
range,  directly  at  the  transformation 
temperature.  X-ray  diffraction  patterns  were 
recorded  every  5  min,  at  the  end  of  nitriding 
and  during  isothermal  holding  at  the 
transfoimation  temperature  [5],  A 
temperature  range  within  which  structures 
providing  a  high  strength  diffusion  layer 
form  during  austenite  decomposition  was 
established. 


Figure  4.  High-temperature  X-radiographic 

pattern  of  the  surface  of  steel  18XrT.  Saturation 

by  nitrogen  and  carbon  at  1 143K  for  0,5  h,  air 
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STM  STUDY  OF  THE  SURFACE  MICROSTRUCTURE  OF  MAGNETIC 

GRANULAR  THIN  FILMS. 

Yu.  L  Gorobetz,  V.  I.  Silantiev,  G.  V.  Bondarkova,  A.  F.  Kravets 

Institute  for  Magnetism,  NAS  of  Ukraine,  36-b  Vernadsky  blvd.,  03142  Kyiv,  Ukraine 


The  scanning  tunneling  microscopy  (STM) 
study  of  the  surface  microstructure  of  the 
magnetic  granular  thin  films  has  been  carried  out. 
Two  types  of  the  magnetic  granular  films  have 
been  investigated:  ferromagnetic-nonmagnetic 
metal  CoFe-Ag,  Co-Ag,  Co-Cu  granular  films  and 
ferromagnetic  metal-insulator  CoFe-FIf02  and 
CoFe-Al203  granular  films.  Giant 
magnetoresistance  was  found  in  both  types  of 
films  below  the  magnetic  metal  percolation 
threshold.  It  has  different  electron  transport 
mechanism:  spin-dependent  scattering  of 

conduction  electrons  on  the  grain  boundaries  in 
the  case  of  metal  granular  films  and  spin- 
dependent  tunneling  of  electrons  between  the 
metallic  particles  in  the  case  of  metal-insulator 
(cermet)  granular  films.  The  necessary  conditions 
of  the  existence  of  giant  magnetoresistance 
(super-paramagnetic  state  of  the  system, 
nanoscale  sizes  of  metallic  granules,  small 
interparticle  distances)  depends  strongly  on  the 
microstructure  of  the  granular  films. 

The  specimens  in  the  wide  range  of 
compositions  have  been  prepared  by  electron 
beam  co-evaporation  of  magnetic  and 
nonmagnetic  components  from  the  two 
independent  sources  in  a  vacuum  10'4  Pa.  The 
films  have  been  deposited  at  ambient  temperature 
onto  glassceramic  substrates.  The  thickness  of  the 
deposited  films  was  about  500  nm. 

The  structure  of  the  film  surface  was  studied 
by  combined  device  of  SELMI  manufacture: 
scanning  tunneling  (STM)  and  scanning  electron 
(SEM)  microscopes.  STM  was  built  in  the 
chamber  of  the  scanning  electron  microscope. 
They  were  operated  at  room  temperature  in  a 
vacuum  5*  10"4  Pa.  STM  topographic  images  have 
been  obtained  in  the  constant  current  mode  with 
using  a  tungsten  tip. 

Figure  l(a,b)  shows  STM  topographic  images  of 
(CoFe)68(Hf02)32  granular  film  with  different 
magnification.  These  pictures  are  typical  for  the 
surface  structure  of  both  cermet  and  metal 
granular  thin  films.  The  nearly  round  granules  of 
nanoscale  sizes  are  not  homogeneously  distributed 
on  the  surface  but  combine  more  large  clusters, 
which  become  one  of  the  cause  of  the  roughness 
of  the  granular  film  surface.  The  other  cause  of 


Fig.l.  STM  topographic  images  of 
(CoFe)6g(Hf02)32  granular  film 


the  surface  roughness  is  the  surface  condition  of 
glassceramic  substrates.  Figure  2  represents  the 
granular  film  surface  by  scanning  electron 
microscope.  It  is  quite  possible  that  each  granule 
is  a  single  crystal  randomly  oriented  on  the 
surface.  Then  the  clusters  of  granules  are  probably 
the  poly  crystal  line  grains  of  each  component  of 
the  granular  film. 


681 


IV.  CHARACTERIZATION  OF  MATERIALS  PROPERTIES 


Fig.2.  SEM  micrograph  of  CoCu  granular  thin 
film. 


Figure  3  shows  STM  topographic  image  of 
(CoFe)3o(Hf02)7o  granular  film.  The  image  is  not 
clear  in  comparison  with  STM  images  of 
(CoFe)68(Hf02)32  granular  film  because  of  the  low 
content  of  the  metal  phase.  But  one  can  perfectly 
see  the  bright  spots  of  the  round  shape  on  the  dark 
background,  which  we  associate  with  the  metallic 
CoFe  granules  dispersed  in  the  amorphous  matrix 
of  Hf02.  The  previous  high  resolution 
transmission  electron  microscopy  (HRTEM) 
investigations  [1]  of  metal-nonmetal  granular  thin 
films  confirm  this  assumption. 


Fig.3.  STM  topographic  image  of 
(CoFe)3o(Hf02)7o  granular  film. 


So,  STM  topographic  images  of  the  cermet  and 
metal  granular  thin  films  exhibit  the  similar 
structure  of  the  surfaces.  Although  the  diameters 
of  granules  for  different  films  vary'  in  the  range  of 
2-^8  nm,  the  tendency  for  granules  to  coalesce 
and  form  more  large  combinations,  so-called 
clusters,  is  typical  for  each  case.  These  clusters 
having  dimensions  of  20  -s-  50  nm  cause  to  surface 
roughness  of  the  granular  films.  So,  the  structure 
of  the  film  surface  is  not  the  homogeneous 
distribution  of  the  granules  on  the  substrate,  but 
more  complicated  structure  of  cluster-upon- 
cluster. 


[1]  Gorobetz  Yu. I.,  Silantiev  V.I.,  Bondarkova  G.V., 
Kravets  A.F.,Mater.  Sci.  Forum.  Vol.373-376,  2001, 
p.221-223. 
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EVOLVING  HETEROGENEOUS  DISTRIBUTION  AND  ANISOTROPY  OF 
F ACTUALITY  OF  SURFACE  ROUGHNESS  IN  SINGLE  CRYSTAL  FOILS 
UNDER  CONSTRAINED  CYCLICAL  TENSION 

Gordienko  Yu.G.,  Zasimchuk  E.E. 

G.V.Kurdymov  Institute  for  Metal  Physics  of  NAS  of  Ukraine,  Kyiv,  Ukraine 


Our  previous  work  has  shown  that  single-crystal 
metal  foils  attached  to  metals  under  cyclic  tension 
develop  surface  relief  patterns,  multi-scale 
characteristics  (information,  correlation  and 
capacity  fractal  dimension)  of  which  coirelate 
with  the  number  of  loading  cycles.  Now  we 
earned  out  the  quantitative  analysis  of  foils,  which 
were  attached  to  the  samples  of  non-uniform 
aircraft  alloys.  We  investigated  the  welded 
samples  with  different  zones:  parent  metal, 
thenno-mechanically  affected  zone  (TMAZ), 
weld/TMAZ  transition  zone,  weld.  We  analyzed 
the  structural  heterogeneity  by  optical  methods 
and  the  properties  of  different  zones-by 
microhardness  and  X-ray  methods  and  statistics  of 
information  dimension  in  2D  cross-sections 
perpendicular  to  foil  surface.  The  value  of 
hardness  is  nearly  equal  at  the  equal  distances 
from  weld  if  distance  S>10mm.  One  can  see 
complex  hardness  changes  along  the  welded  plate. 
These  changes  coirelate  with  macrostructure  of 
welded  joint  The  maximum  hardness  value  is  in 
parent  metal;  in  weld  it  slightly  higher  in 
comparison  to  surrounding  regions  but  less  of 
parent  metal.  There  are  two  'soft'  zones  on  the 
both  directions  from  the  weld  but  the  hardness 
value  in  these  directions  is  different.  The  reason 
of  structure  and  properties  heterogeneity  is 
connected  with  complex  phase  and  chemical 
composition  of  aircraft  aluminum  alloy.  The  data, 
obtained  during  our  investigation,  allow  us  to 
imagine  a  priori  the  most  probable  map  of  strain 
localization  sites.  It  can  be  very  useful  for 
determination  of  the  places  where  sensors  can  be 
located.  The  qualitative  and  quantitative 
information  about  deformation  relief  was 
extracted  from  modernized  optical  data.  We  used 
the  automated  method  on  the  basis  of  stereo 
microscope  with  the  CCD  camera  attached  to 
personal  computer  by  video  adapter  and  frame- 
grabber  card.  We  created  automatically  a 
panoramic  view  by  means  of  specially  designed 
software  and  used  the  fractal  analysis  of 
deformation  relief  with  implementation  of 
automation  procedures. 

During  our  work  we  used  two  types  of 
illumination: 


1  -  directional  illumination; 

2  -  diffuse  ring  illumination.  At  the  intervals  of 

loading  the  specimens  were  scanned  by 
microscope  with  creation  of  many  single 
snapshots  of  sensor  surface.  To  get  the  whole  set 
of  snapshots  for  diffuse  ring  illumination  (directed 
illumination)  it  takes  200  -r  300  (100-^200) 

iterations  of  precise  shifting  and  manual  focusing 
at  each  image  capturing  point.  The  minimal 
average  overlapping  of  snapshots  of  neighboring 
regions  assumed  to  be  15%,  but  for  better 
performance  on  the  next  stage  (panoramic  view 
creation)  we  used  overlapping  up  to  30%.  We 
preferred  to  use  information  dimension  because  it 
gives  the  richest  and  most  useful  information.  We 
carried  out  some  tests  on  the  objects  with  well- 
known  fractal  dimension  and  information 
dimension  was  the  most  precise  method  among 
other  box-counting  methods.  But  a  simple  method 
of  measuring  the  correlation  of  one  multiscale 
characteristic  (information  dimension)  with  the 
number  of  loading  cycles,  is  not  adequate  for  real 
specimens  with  heterogeneous  strain  map. 
Therefore  we  develop  two  new  methods  for 
visualisation  of  this  heterogeneity  by  means  of 
this  methods: 

—  equidimensional  contour  maps  for  statistical 
comparison  of  relative  changes  of  structural  self¬ 
similarity  over  the  whole  foil  surface  and  for 
search  of  persistent  strain  localisation  sites; 

—  pole  dimensional  figures  that  allow  us  to  bring 
to  light  anisotropic  features  of  foil  surface  and 
characterise  persistent  strain  localisation  sites. 

For  higher  numbers  of  cycles  the 
evolution  of  direct  illumination  images  can  be 
characterised  by  splitting  of  the  information 
dimension  in  two  different  values.  These  tend  to 
appear  earlier  for  higher  levels  of  stress  amplitude 
and  are  assumed  to  be  a  consequence  of  the 
appearance  of  a  network  of  crossing  ridges  on  the 
foil.  Clearly  this  could  be  a  valuable  investigative 
tool  in  the  introduction  of  new  structural  concepts, 
materials  or  processes. 

We  can  conclude  that  by  naked  eye  all  sensors  in 
all  zones  demonstrate  the  same  behavior,  namely, 
permanent  increase  surface  relief  with  the  same 
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features:  black-and-white  initial  contrast  bands; 
elongated  hills,  crossing  system  of  hills,  'blisters'. 
But  if  we  construct  equidimensional  maps  for 
sensors  in  different  zones  and  compare  them,  then 
we  can  note  that  some  of  them  (parent  metal  and 
hcat-affected  zone)  have  homogeneous 
distribution  of  maximal  dimension  contour,  and  in 
other  (weld  and  transition  zones)  — 
heterogeneous  distribution.  This  heterogeneity 
consists  in  irregular  shape,  appearance  and  growth 
of  asymmetry,  splitting  of  initially  linked  contour 
in  several  islands  (like  dumb-bell).  In  addition  to 
this  heterogeneity  changes  with  the  number  of 
cycles  and  has  the  more  pronounced  nature  on  the 
late  stages  of  testing  before  fracture.  This 
observation  relates  to  small  solitary  sensors  that 
are  supposed  to  cover  one  of  the  zones 
aforementioned. 

As  to  large  sensors  (on  narrow-weld  and 
flank  sides)  they  have  some  different  behavior 
which  is  caused  by  obvious  cumulative  influence 
of  several  zones.  This  method  allows  not  only  to 
find  strain  localization  places,  but  also  to  envisage 
its  dynamics.  It  should  be  noted  that  large  sensors 
which  can  fully  cover  the  possible  place  of  stress 
localization  are  necessary  for  this  purpose.  In 
addition  to  this  we  develop  the  new  technology  of 
polar  dimensional  plots  that  allow  us  to  bring  to 
light  not  only  anisotropic  features  of  sensor 


surface,  but  also  catch  increase  of  angular 
distortions  and  asymmetry  of  polar  dimensional 
plots  caused  by  persistent  strain  localization.  We 
tried  to  measure  and  compare  angular 
dependencies  for  two  parts  of  large  foil  in 
significantly  different  zones  with  a  priori  known 
various  strain  levels,  create  histograms,  found 
peaks  and  precisely  define  their  positions.  On 
initial  stage  of  fatigue  loading  we  observed  only 
one  peak  and  peak  splitting  phenomenon  appear 
for  the  higher  numbers  of  cycles.  These  double 
peaks  tend  to  appear  earlier  for  higher  levels  of 
stress  amplitude  and  are  assumed  to  be  a 
consequence  of  the  pronounced  appearance  of  a 
network  of  2  systems  of  crossing  erections.  Then 
we  create  polar  plot  of  the  peak  values  and  areas 
under  Gaussian  fit  and  obtain  the  pole  figures.  In 
the  low  strain  zone  these  polar  figures  are 
symmetric  as  to  the  axis  of  tension.  It  is  obvious 
that  8-like  polar  figure  for  relative  area  values  of 
information  dimension  histograms  reflect  the 
anisotropic  nature  of  foil  surface  relief.  But  in  the 
high  strain  zone  this  symmetry  is  broken  (it  is 
symmetric  only  in  relation  to  center  of 
coordinates).  We  assume  this  phenomenon  can  be 
used  for  determination  of  zones  with  large 
distortions  of  symmetry  of  sensor  relief  caused  by 
strain  localization  in  underlying  specimen. 
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STATISTICAL  ANALYSIS  OF  PLASTIC  INSTABILUTY:  UNIVERSAL 

SCALING 

Lebyodkin  M.A.,  Dunin-Barkowskii  L.R..  Lebedkina  T.A. 

Institute  of  Solid  State  Physics,  RAS,  Chemogolovka,  Russia 


The  dislocation  ensemble  represents  an  exam¬ 
ple  of  a  non-linear  dissipative  system  far  from 
equilibrium.  The  dynamics  of  such  systems  obeys 
universal  laws.  In  particular,  dynamical  processes 
are  characterized  by  self-organization  at  different 
scales  in  space  and/or  time  [1].  Recently  a  series  of 
works  appeared,  in  which  the  plastic  flow  of  solids 
was  investigated  in  terms  of  self-organization  (see 
review  [2]).  The  analysis  of  a  complex  evolution  of 
the  deforming  stress  under  conditions  of  jump-like 
deformation  (plastic  instability)  attracts  great  at¬ 
tention  since  in  this  case  the  collective  processes  in 
the  dislocation  ensemble  manifest  themselves  at 
the  macroscopic  level  of  deformation  curves  [3]. 
Moreover,  the  microscopic  nature  of  plastic  insta¬ 
bility  may  be  different  that  provides  an  opportunity 
of  studying  its  universal  and  unique  features. 

Using  methods  of  statistical,  dynamical  and 
multifractal  analysis,  complex  correlations  of  plas¬ 
tic  processes  were  found  in  several  works  (e.g.,  [4- 
6])  under  conditions  of  discontinuous  deformation 
associated  with  dynamical  interaction  between 
dislocations  and  solute  atoms  -  the  Portevin  -  Le 
Chatelier  (PLC)  effect  [7].  Dynamical  chaos  [8] 
was  proved  for  low  strain  rates,  which  changes  to 
self-organized  critical  (SOC)  dynamics  [9]  upon  an 
increase  in  the  strain  rate.  The  transition  between 
these  two  regimes  is  accompanied  by  a  specific 
alteration  of  statistical  distributions  of  amplitudes 
and  durations  of  stress  jumps.  In  [10]  a  qualita¬ 
tively  similar  trend  in  the  effect  of  strain  rate  on 
statistics  was  reported  for  another  kind  of  plastic 
instability,  namely,  the  low-temperature  discon¬ 
tinuous  deformation,  in  which  a  coupling  between 
the  local  strain  and  the  strain-induced  heat  plays  an 
important  role  [11]. 

In  the  present  work  statistical  properties  of 
plastic  flow  governed  by  the  PLC  effect  and  low- 
temperature  mechanism  of  plastic  instability  were 
investigated.  The  effects  of  strain  rate  and  initial 
microstructure  of  crystals  on  distributions  of  pa¬ 
rameters  of  stress  jumps  were  studied  upon  de¬ 
formation  of  polycrystalline  samples  of  an  Al- 
2.5at.%Mg  (PLC  effect)  and  Cu-12at.%Be- 
0.2at.%Co  (low-temperature  catastrophic  glide) 
alloys. 

The  specimens  of  Al-Mg  (30'5'1.5  mm3; 
straining  at  T  =  300  K)  and  Cu-Be  (wire  30  mm 


long  by  0.5  mm  in  diameter;  T  =  4.2  K)  were  de¬ 
formed  by  tension  with  a  constant  strain  rate  in  an 
interval  covering  more  than  three  orders  of  mag¬ 
nitude  (~2  10'6-1.4  10"2  s"1).  The  samples  were  used 
in  both  as-delivered  (strain-hardened)  state  and 
after  annealing  (Al-Mg:  320°-460°C;  Cu-Be: 
800°C)  with  quenching  in  water. 

The  statistical  analysis  of  deformation  curves 
at  various  strain  rates  provided  similar  results  for 
both  kinds  of  plastic  instability.  Relatively  regular 
deformation  curves  with  a  pronounced  scale  of 
stress  drops  are  observed  at  low  values  of  the  strain 
rate.  Correspondingly,  the  histograms  of  the  distri¬ 
bution  of  stress-jump  parameters  acquire  a  bell-like 
shape.  When  the  strain  rate  is  increased,  the  distri¬ 
butions  become  asymmetrical:  the  maximum  posi¬ 
tion  shifts  towards  the  axis  of  ordinates  (the  prob¬ 
ability  of  small  stress  jumps  is  increased).  Finally, 
in  the  strain-rate  range  above  10'4-10'3  s"1  the  his¬ 
tograms  are  described  by  monotonically  descend¬ 
ing  curves. 

The  transition  to  monotonic  curves  takes  place 
earlier  with  respect  to  strain  rate  in  the  case  of  an¬ 
nealed  samples  as  compared  to  as-delivered  ones. 
Since  the  depression  of  the  characteristic  scale  of 
stress  jumps  is  apparently  due  to  an  increasing  het¬ 
erogeneity  of  strain  in  the  crystal,  the  annealing 
effect  can  be  related  to  a  decrease  in  the  spatial 
coupling  between  local  strains.  The  investigation 
of  the  PLC  effect  [4-6]  led  to  a  conclusion  about 
plastic  relaxation  of  the  spatial-coupling  strength. 
The  data  obtained  testify  that  such  a  conclusion  is 
also  valid  in  the  case  of  low- temperature  discon¬ 
tinuous  deformation,  although  the  nature  of  the 
spatial  coupling  may  be  different.  Elastic  stresses 
caused  by  incompatibility  of  plastic  strains  are  the 
dominant  coupling  mechanism  in  the  PLC  insta¬ 
bility,  whereas  processes  of  heat  release  and 
propagation  play  an  essential  role  in  the  low- 
temperature  instability.  The  conclusion  is  also  con¬ 
firmed  by  the  earlier  (with  regard  to  strain  rate) 
transition  in  Al-Mg  than  in  Cu-Be.  Indeed,  the 
grain  size  is  smaller  in  the  latter  case  (—10  pm  in 
Cu-Be  samples,  as  compared  to  50-500  pm  in  Al- 
Mg,  depending  on  the  annealing  regime).  Thus,  the 
plastic-relaxation  conditions  are  less  favorable  in 
Cu-Be. 
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The  distribution  density  functions  of  stress- 
drop  amplitudes  8  and  durations  x,  obtained  from 
the  monotonic  histograms  at  high  strain  rates,  can 
be  approximately  described  by  power-law  depen¬ 
dences:  n8  -  S"x,  nT  ~  x'y  (the  only  exception  con¬ 
cerns  unannealed  Cu-Be  samples,  although  the 
qualitative  trend  in  histograms  is  the  same). 
Herewith,  a  scaling  relation  5  ~  xh  exists  between 
the  amplitudes  and  durations,  and  the  scaling  ex¬ 
ponents,  typically  taking  on  the  values  between  1 
and  1 .5,  are  related  to  each  other  as  y  -  h  (x  -  1)  + 

1.  The  power-law  statistics,  indicating  the  absence 
of  characteristic  scales  in  the  dynamical  system,  is 
generally  considered  as  an  evidence  of  a  SOC 
state  [12].  Besides,  taking  into  account  the  nu¬ 
merical  values  of  the  scaling  exponents,  an  addi¬ 
tional  proof  of  this  conclusion  stems  from  obser¬ 
vation  of  the  power-law  dependence  S(f)  ~  f“2  for 
low-frequency  parts  of  power  spectra  of  deforma¬ 
tion  curves  [12]. 

The  scale  invariance  is  usually  associated 
with  a  universal  behavior,  so  that  the  scaling  ex¬ 
ponents  only  depend  on  a  small  number  of  fun¬ 
damental  factors,  such  as  the  effective  dimension¬ 
ality  (number  of  degrees  of  freedom)  and 
symmetry  of  the  system.  Thus,  one  can  try  to  jus¬ 
tify  the  universality  observed.  The  non-linear 
material  equations  are  believed  to  be  similar  for 
the  PLC  and  low-temperature  instabilities  and 
stem  from  an  N-shaped  function  of  stress  sensi¬ 
tivity  to  strain  rate  [7,  11],  It  is  known  that  the 
temporal  instability  of  plastic  flow  is  coupled  with 
spatial  instability  -  localization  of  strain  in  defor¬ 
mation  bands  [3,  7].  The  development  of  defor¬ 
mation  bands  across  the  specimen  occurs  much 
faster  than  the  plastic  activity  is  transferred  in  the 
axial  direction.  Thus,  the  situation  seems  to  be 
confined  to  a  single  dimension.  One  should  note 
that  the  spatial  coupling  is  different  in  the  cases 
under  discussion.  Indeed,  it  is  generally  observed 
that  the  PLC  bands  may  be  stationary  or  propaga¬ 
tive,  depending  on  specific  conditions  [7], 
whereas  multiple  localized  bands  occur  upon  low- 
temperature  instability  [3],  Nevertheless,  recent 
studies  indicate  a  propagative  regime  in  low- 
temperature  deformation  with  high  strain  rate,  as 
well  [13].  Therefore,  one  can  suppose  that  the  dif¬ 
ference  in  the  nature  of  spatial  coupling  must  not 
be  an  essentia!  factor  for  dynamics  of  strain  lo¬ 
calization  at  high  strain  rate.  A  possible  approach 
for  understanding  the  observed  types  of  dynamics 
was  suggested  for  the  PLC  effect  [4-6].  It  consists 
of  considering  the  interplay  of  relevant  time  and 


length  scales  and  their  variations  with  the  loading 
rate  and  microstructure.  In  essence,  the  homogeni¬ 
zation  of  strain  heterogeneity  in  a  crystal  is  less 
efficient  at  high  strain  rates.  Thus  the  critical  con¬ 
ditions  for  a  plastic  burst  are  always  locally  satis¬ 
fied,  as  expected  in  a  SOC  system.  This  leads  to  a 
recurrence  of  partial  plastic-relaxation  events  and 
the  absence  of  a  characteristic  scale  of  plastic 
bursts. 

In  conclusion,  a  similar  behavior  of  plastic  in¬ 
stabilities  is  observed  in  the  whole  range  of  strain 
rates,  despite  the  difference  in  the  nature  of  spatial 
coupling  between  elements  of  a  heterogeneously 
deforming  crystal.  The  effect  of  the  initial  micro¬ 
structure  of  specimens  is  also  similar.  This  indi¬ 
cates  the  existence  of  universal  laws  governing 
dynamical  processes  upon  unstable  plastic  flow. 
The  occurrence  of  a  SOC  state  characterized  by 
scale  invariance  is  proved  for  a  range  of  high  strain 
rates. 
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A  NEW  METHOD  OF  THE  ANALYSIS  OF  RELAXATION  RESONANCES: 
BROADENING  AND  SHIFT  CAUSED  BY  RANDOM  DISPERSION  OF  THE 
PARAMETERS  OF  THE  ELEMENTARY  RELAXATORS 


Natsik  V.D.,  Seraerenko  Yu.A. 

B.  Verkin  Institute  for  Low  Temperature  Physics  and  Engineering,  National  Academy  of  Sciences 
of  Ukraine,  Lenin  Ave.  47,  61103  Kharkov,  Ukraine 


The  equilibrium  state  of  a  solids  which  is  dis¬ 
turbed  by  external  fields  is  spontaneously  restor¬ 
ing,  however  this  relaxation  process  lags  behind 
the  time  of  the  change  of  the  parameter  describing 
this  external  effect.  The  duration  of  this  process  in 
the  elementary  cases  is  characterized  by  a  relaxa¬ 
tion  time  t,  and  in  more  common  case  by  set 
(spectrum)  of  relaxation  times.  The  excitation  can 
be  implemented  by  mechanical  stress,  magnetic  or 
electrical  fields  and  the  relaxation  is  named  ac¬ 
cordingly  mechanical  (acoustic),  magnetic  or  di¬ 
electric. 

The  dynamic  experiments  (methods  of  dynamic 
spectroscopy)  using  harmonic  effects  of  small  am¬ 
plitude  with  period  of  the  order  r  are  convenient  in 
information  acquisition  about  physical  mecha¬ 
nisms  of  relaxation.  In  these  experiments  the  ex¬ 
ternal  effect  a  =  a0eieo'  with  amplitude  a0  and  cir¬ 
cle  frequency  co  is  operated  on  the  investigated 
body  and  the  response  of  the  body  /?0  =  /?„  (co)  is 
detected:  here  J30  =  J30  (co)  is  an  amplitude  of  the 
response,  and  cp-cp  (co)  is  a  phase  shift  of  the  re¬ 
sponse  from  external  effect.  The  response  linearity 
and  its  periodicity  with  effect  frequency  co  is  pro¬ 
vided  by  rather  small  amplitude  a0 .  Relation 
/3/a  =  M*  (co)  =  Ml(co)-iM2(co)  is  named  as  a 
complex  susceptibility  of  a  material.  For  oscilla¬ 
tions  of  a  concrete  physical  type  Mx  (oj)  is  the  dy¬ 
namic  elasticity  modulus,  dynamic  magnetic  or  di¬ 
electric  susceptibility.  The  relation 
M2  (co) /Mx  (ry  )  =  tgcp  (co)  determines  the  energy 
dissipation  of  corresponding  oscillatory  process 
caused  by  relaxation. 

Acceptable  model  for  the  description  of  dynamic 
excitation  of  the  majority  of  real  materials  is  the 
standard  linear  body,  for  which  as  the  macroscopic 
characteristics  of  relaxation  it  is  convenient  to  use 
defect  of  a  susceptibility  (defect  of  a  modulus) 
AM (co)jMx  and  decrement  S(co)  or  inverse  Q- 


factor  (internal  friction)  Q  1  (co)  : 


AM(co)  Mx~Mx(co)  _  Ar 
Mx  Ma  1  +  co2z2  ’ 


c»= 


n 


Mi  (a>)  .  m 

Mx  r\  +  co2z2 


(la) 

(16) 


where  Mx  -  susceptibility  before  relaxation,  Ar  - 
"power"  of  the  relaxations. 

In  many  cases  the  processes  of  relaxation  at  a 
microscopic  level  are  caused  by  elementary 
thermo-activated  changes  of  structure  and  the  time 
of  relaxation  is  described  by  the  Arrhenius  rela¬ 
tion: 

r(T)  =  r0exp(UjkT)  (2) 

where  r0  and  U0  -  is  accordingly  the  attempt  pe¬ 
riod  and  the  activation  energy  of  elementary  re- 
laxator,  k  -  the  Boltzmann  constant,  T  -  the  tem¬ 
perature.  Studying  of  such  processes  by  dynamic 
methods  at  fixed  value  of  the  frequency  co  on 
temperature  dependences  Q  '  and  AM/MX  De¬ 
bye  peak  of  relaxation  and  appropriate  to  the  peak 
broad  "step"  localized  near  the  temperature 
lf]  (©)  =  -U0/k\ncoT0  with  width 

jf*  (co)  =  2 U0/k  (In  cor0  )2  have  been  observed. 

The  basic  problem  of  dynamic  spectroscopy  is 
detection  of  such  resonances  and  their  analysis  for 
determination  of  parameters  of  elementary  re- 
laxators  r0  and  U(l . 

The  real  materials,  as  a  rule,  have  random  dis¬ 
tributed  structural  imperfections  (defects)  arising 
during  the  synthesis  of  samples  and  various  proc¬ 
essing  of  them.  The  experience  shows,  that  the 
change  of  defective  structure  of  the  material  can 
change  both  temperature  of  localization  Tp  *  T(/  , 
and  widths  Th  *  Tj;a]  of  relaxation  resonances.  The 
interpretation  of  such  changes  is  one  of  important 
and  discussed  for  a  long  time  questions  of  the  dy¬ 
namic  relaxation  theory.  In  Refs.  [1-3]  it  was 
shown,  that  for  number  of  low-temperature 
acoustic  relaxation  resonanses  the  influence  of 
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structural  defects  can  be  described  taking  into  ac¬ 
count  the  statistical  dispersion  of  local  values  of 
activation  energy  U  from  its  initial  value  U0  if  we 
select  correctly  distribution  function  P(U).  Un¬ 
doubtedly,  that  the  similar  interpretation  is  effec¬ 
tive  also  for  spectra  of  dielectric  and  magnetic  re¬ 
laxation  in  materials  with  defects. 

It  has  been  detected  during  experimental  study 
of  the  various  types  of  dynamic  relaxation  that  the 
change  of  the  defective  structure  of  the  materials 
results  in  shift  of  temperature  Tp  of  the  resonances 

both  in  the  side  of  high  (+)  and  in  the  side  of  low 
(-)  temperatures.  By  this  is  meant  that  the  struc¬ 
tural  changes  increasing  dispersion  of  activation 
energy  from  an  initial  value  U0  can  enrich  both 
high-energy  (U  >U0)  and  low-energy  (0  <U0) 
states  of  relaxators.  Both  of  these  cases  can  be  de¬ 
scribed  by  probability  density  of  the  quasi- 
Gaussian  type  accordingly  P{,)  (U)  and  PH(U) 
with  a  small  variance  D«U0: 


Pb){U) 


P{  )  (u)  = 
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Un4l7tD 


exp 
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U0-J1kD 


'i-a." 

u, 


exp 


\u-u0] 

2  X 

.  J2D  _ 

) 

f  r- 

V* 

12  X 


yflD 


(3a) 


(36) 


'V  ) 

With  a  statistical  distribution  of  activation  en¬ 
ergy  it  is  necessary  to  consider  average  functions 
of  a  response  AM / M x  =  fjt(T ,co,t0,U0,D)  and 
Q  '  - H2  {T,6),t0,U0,D)  with  the  probability  den¬ 


sity  (3)  containing  four  parameters:  ( co  ,  r0 ,  U0 , 
D)  instead  of  a  Debye  temperature  spectrum  of 
relaxation  (1). 

Let  us  consider  the  average  characteristic  of  the 
defect  of  a  susceptibility  H\  and  the  average  char¬ 
acteristic  of  the  absorption  //2  using  a  dimension¬ 
less  temperature  9  =  T/T^ ,  a  dimensionless  in¬ 
verse  frequency  Q  =  1  /cot0  and  a  dimensionless 
characteristic  variance  d  =  Jid/ kT : 


a  ,no2 

■Jnd  In  Q 


j ‘ dx 
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A  numerical  analysis  of  expressions  (4)  make  it 
possible  to  connect  temperature  Tp  and  character¬ 
istics  of  the  absorption  peak  form  with  parameters 
of  elementary  relaxators  r0 ,  U0  and  D  in  materi¬ 
als  with  defects.  It  was  found  that  the  ratio  of  the 
derivatives  with  temperature  of  the  functions 
(0,0,  d)  in  the  inflection  points  has  the  iden¬ 


tical  value  K--  max 


"e //S*-r 

1  min 

59 

/  illlll 

59 

which  has  an  extremely  strong  dependence  on  the 
Q,  but  is  practically  independent  of  the  dispersion 
parameter  d  and  admits  the  analytical  approxima¬ 
tion: 


K(Q)  =  l  +  10/(lnQ)^.  (5) 

Using  this  formula  we  can  obtain  the  parameter  r0 
from  the  analysis  of  only  form  of  the  peak,  not  re¬ 
sorting  to  experiments  with  change  of  the  fre¬ 
quency  co  .  The  relations  which  make  it  possible  to 
determine  values  of  the  initial  activation  energy 
U0  and  its  variance  U0  using  the  experimental 
values  of  Q  and  the  measurements  of  the  tem¬ 
perature  Th  and  width  of  the  peak  Th,  have  the 
following  form: 
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THERMAL  CONDUCTIVITY  RESEARCH  OF  POWDER  AND 
SUPERHARD  MATERIALS  BY  SOLVING  OF  HEAT  CONDUCTION 

INVERSE  PROBLEMS 

Isayev  K.B. 

Francevich  Institute  for  Problems  of  Materials  Sciences  NAS  of  Ukraine,  Kyiv,  Ukraine 


The  development  of  a  science  and  engineering  has 
required  significant  volume  for  knowledge  pf 
thermophysical  properties  of  substances  and 
materials.  Without  them  it  is  impossible  to  execute 
practically  any  designer  or  technological 
development,  especially  in  conditions  of  large 
gradients  of  temperatures.  One  from  the  major 
characteristics  in  this  plan  is  the  thermal 
conductivity  (TC),  which  is  a  fundamental 
characteristic  of  substances  and  materials.  It 
determines  carry  of  a  heat  in  a  material,  and  thus 
the  character  of  a  temperature  field  in  products 
from  it. 

It  is  possible  to  divide  all  existing  methods  of 
thermal  conductivity  determination,  conditionally 
into  two  groups.  The  traditional  methods  of 
research  TC  [1],  such  as  stationary  method, 
various  pulse  methods,  methods  of  monotone 
heating  etc  concern  to  the  first  group.  From  all 
realized  methods  we  select  two:  a  stationary 
method  and  method  of  pulse  laser  heating.  In 
modem  researches  of  materials  they  are  used 
today  more,  than  other  methods.  The  first  method 
is  more  exact  and  it  allows  immediately 
determine  the  thermal  conductivity  of  materials. 
However  its  realization  requires  a  lot  of  time, 
with  help  of  this  method  it  is  impossible  to 
determine  thermal  conductivity  of  materials,  in 
which  at  heating  the  various  physical  chemical 
processes  take  place,  it  does  not  allow  to 
investigate  influence  of  heating  rate  to  thermal 
'conductivity  etc.  The  pulse  laser  method  (for 
example,  method  of  temperature  waves, 
installation  of  the  corporation  ’’Murata”,  Japan) 
research  theimal  physical  characteristics  of 
materials  requires  for  its  realization  a  sample  with 
a  small  sizes,  this  method  cannot  be  used  for 
research  powder  and  high-porous  materials.  The 
marked  methods  require  creation  expensive  and 
frequently  complicated  equipment,  though  their 
mathematical  apparatus  is  rather  simple, 
especially  for  a  stationary  method. 

The  methods  for  determination  TC,  based  on  an 
experimental  temperature  field  (generally  one¬ 
dimensional)  in  samples  of  a  researched  material 


and  methods  for  solving  of  heat  conduction  inverse 
problems  (HCIP)  concern  to  the  second  group  of 
methods. 

The  first  group  of  methods  for  research  TC  of 
materials  practically  is  absent  in  Ukraine.  As  to  the 
second  group,  it  is  necessary  to  mark,  that  in  Kiev 
and  Kharkov  there  are  scientific  schools,  in  which 
the  various  methods  of  solving  HCIP  are 
developed.  However,  only  some  of  them  were  used 
for  research  thermophysical  properties  of 
materials.  Usually  their  authors  limit  oneself  to 
demonstration  of  the  methods  capabilities  on 
model  temperature  fields. 

In  this  activity  the  engineering  (methodology)  of 
thermal  conductivity  research  for  various  materials 
(ETCR)  is  offered.  It  consists  of  several  stages. 
The  first  stage  consists  of  a  design  development  (or 
its  adaptation)  and  manufacturing  of  heatreceiver 
(sample  with  temperature  sensors)  from  a 
researched  material.  Further  there  is  a  stage  of  its 
tests  in  conditions  of  one-sided  heating.  As  a  result 
of  these  tests  are  the  experimental  temperature 
fields  in  samples  of  a  researched  material.  As  a 
result  of  solving  HCIP  we  obtain  temperature 
dependence  of  this  material  thermal  conductivity  in 
frameworks  of  mathematical  model  initial  selected. 

The  experimental  information  (temperature  fields 
in  samples  of  researched  materials),  additional 
information  (data  about  specific  heat  and  density 
of  a  material,  distance  of  thermocouples  from 
heating  surface  of  heatreceiver  etc)  and  also  the 
results  of  the  solving  IPHC  come  in  a  database.  All 
this  information  is  used  for  the  analysis  of  different 
factors  influence  on  thermophysical  properties  of  a 
material,  and  also  for  correction  of  mathematical 
model  of  heat  and  mass  transfer  in  a  researched 
material  in  case  of  need. 

In  the  given  activity  the  designs  of  heatreceivers 
(HR)  for  powder  and  superhard  materials  are 
adduced.  For  powder  materials  [2,3]  the  researched 
powder  is  covered  in  a  thin-walled  tube,  which 
thermal  conductivity  either  is  closed  to  thermal 
conductivity  of  a  researched  material,  or  it  is  more 
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then  that  one.  One  end  (not  heated)  of  this  tube  is 
closed  by  the  piston,  which  allows  to  change 
volume  of  a  powder.  In  a  tube  on  a  diametrical 
plane  four  slots  (up  to  a  half  of  diameter)  are  made, 
in  which  the  thermocouples  are  stacked.  Also  other 
way  of  thermocouples  seal  is  possible.  Instead  of  a 
slot  in  a  thin-walled  tube  two  apertures  are  drilled 
till  its  diameter,  into  which  the  thermocouple  is 
inserted. 

After  filling  of  a  tube  by  a  powder  it  heated  end  is 
covered  by  poultry  netting  (for  example, 
nichrome).  This  net  executes  some  functions.  It 
passes  gaseous  products,  which  is  extracted  at 
heating  of  a  researched  powder  by  the  concentrated 
radiation  (for  example,  solar),  equalizes 
temperature  of  a  heated  surface,  and  also  it  can 
serve  as  the  heater  at  passing  under  it  an  electric 
current.  A  lateral  area  of  a  thin-walled  tube  are 
heat-insulated.  For  powders,  which  at  heating  do 
not  extract  gaseous  products,  instead  of  a  net 
"cork"  of  a  material  with  high  thermal 
conductivity  (copper)  is  used. 

In  a  design  HR  for  a  superhard  materials  (hexanite- 
R,  polycrystallic  diamond  etc)  its  sample  consists 
of  four  disks  [3,4],  On  one  flat  surface  of  each  disk 
on  diameter  with  the  help  of  the  laser  the  flutes  by 
depth  0.2-0. 3  mm  and  width  0.2mm  are  made.  In 
these  flutes  the  thermocouples  BP5/20  (diameter  of 
electrodes  is  0.1mm  and  they  are  coated  with  a 
dioxide  of  a  yttrium).  The  thermocouple  in  a  flute 
is  pressed  with  help  of  a  copper  powder.  After  seal 
of  thermocouples  the  disks  of  an  investigated 
material  stick  together  by  high-temperature  glue. 
The  copper  disk  is  pasted  to  the  first  disk  of  an 
investigated  material.  Further,  the  pasted  together 
sample  covers  by  two  layers  of  silica  filament.  The 
prepared  thus  sample  places  into  the  copper  bush 
(tube),  which  are  heat-insulated.  The  copper  disk 
serves  for  equalization  of  a  heat  flow  going  to  a 
sample,  and  the  copper  bush  prevents  outflow  of 
heat  from  a  lateral  area  of  a  sample  of  an 
investigated  material  and  precludes  the  violation  of 
one-dimensional  temperature  field  in  it. 

The  connection  of  superhard  material  disks  was 
conducted  with  the  help  of  glue,  that  after  tests  the 
disks  could  easily  be  carved  out  from  each  other 
and  to  use  further  for  production  of  a  cutting  tool. 
In  spite  of  the  fact  that  the  thermal  conductivity  of 
glue  is  much  lower  than  this  characteristic  of  a 
superhard  material,  however  because  glue 
interlayer  has  small  depth  its  thermal  resistance 


insignificant  and  does  not  influence  on  result  of 
determination  TC. 

For  obtaining  temperature  fields  in  heatreceivers, 
described  above,  any  heater  ensuring  one¬ 
dimensional  heating  of  all  surface  of  butt  end  HR 
can  be  used  as  a  source  of  a  heat.  It  can  be  a  melt 
of  metal,  concentrated  solar  radiation,  different 
high-temperature  jets  etc. 

The  experimental  temperature  fields  in  samples  of 
investigated  materials  are  the  base  information  for 
determination  of  theirs  TC  by  solving  HCIP.  For 
determination  of  temperature  dependence  of 
materials  thermal  conductivity  in  this  activity  the 
method  of  solving  HCIP,  designed  in  ITTF  NANU 
by  P.G.  Krukovsky,  was  used  [5], 

The  results  of  experimental  determination  of  a 
temperature  field  in  a  sample  of  hexanite-R,  and 
also  results  of  determination  of  temperature 
dependence  of  its  thermal  conductivity  are 
adduced.  The  matching  with  the  literary  data  is 
held. 

Introduced  in  the  given  activity  the  technology  also 
was  successfully  applied  and  for  research  of 
thermal  conductivity  of  heat-shielding  materials 
with  organic  resins,  compositions  on  the  basis  of 
aluminium-silicon,  high-porous  blast-furnace  slag 
etc. 
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COMPLEX  APPROACH  TO  ASSESSMENT  OF  FAILURE  MECHANISMS 
OF  STRUCTURAL  MATERIALS  CONTACTING  WITH  VISCOUS  AG¬ 
GRESSIVE  MEDIUM 

Kolotilkin  O. 

Zaporozhye  national  technical  university,  Zaporozhye,  Ukraine 


Modernization  and  creating  new  equip¬ 
ment  of  high  efficiency  is  one  of  the  reserves  in 
improving  the  productivity  of  equipment.  But 
along  with  increase  in  productivity  the  probability 
of  damage  and  wear  of  separate  parts  and  assem¬ 
blies  of  equipment  is  sharply  growing. 

In  glass  industry,  a  glass  shaping  tooling  is 
the  basic  operational  unit  of  the  equipment  for 
processing  viscous,  chemical  active  silicate  melts 
and  the  quality,  prime  costs  of  goods  produced  and 
efficiency  of  production  equipment  by  its  reliable 
and  durable  operation.  Analysis  of  equipment  per¬ 
formance  at  glass  plants  has  proved  that  glass 
shaping  equipment  down  time  because  of  change  - 
over  of  premature  failure  of  tooling  makes  30%  of 
yearly  service  life  of  equipment  that  does  not  meet 
modem  production  requirements.  Glass  shaping 
tooling  of  modem  machines  for  manufacturing 
articles  from  glass  mass  comprises  rather  large 
group  of  parts,  which  at  different  stages  of  produc¬ 
tion  process  have  its  peculiarities  of  operation  and 
character  of  a  damage.  Different  conditions  of 
tooling  service  define  the  use  of  various  structural 
materials  for  their  manufacturing.  For  example 
knives  for  cutting  off  the  glassmass  portion  is  usu¬ 
ally  made  from  rapid  steels.  It  is  conditioned  by 
necessity  of  providing  a  good  quality  cut  off  of 
molten  glass  portion  with  knives  working  over 
prolonged  periods  that  is  achieved  through  in¬ 
creased  heat-resistance  of  rapid  steels. 

To  assess  physico-chemical  and  physico- 
mechanical  processes  occurring  in  a  zone  of  con¬ 
tact  of  metal  with  silicate  melt  it  has  been  sug¬ 
gested  to  research  such  characteristics  as  angle  of 
wetting  0,  a  coefficient  of  adhesion  of  silicate  melt 
to  metal  A,  roughness  of  surface  of  Ra  metal  after 
periodic  contact  with  aggressive  medium  and  the 
speed  of  thermochemical  erosion  of  u  structural 
materials  in  this  medium  along  with  mechanical 
characteristics,  viscosity  of  failure  and  thermal  re¬ 
sistance  of  alloys. 

A  new  methodology  has  been  worked  out 
for  determining  mentioned  above  criterions.  For 
researching  the  speed  of  thermo-chemical  erosion 
the  installation,  was  elaborated.  It’s  sample  holder 
was  made  with  additional  pipes  supplying  cooling 


water  directly  to  10x10  x20  mm  samples  being 
researched.  This  prevents  samples  from  being 
overheated  and  adhesion  of  glassmass  to  them, 
providing,  in  this  way,  the  possibility  to  research 
structural  materials  of  different  heat  transfer. 

It  was  suggested  to  assess  the  roughness  of 
samples  before  and  after  the  contact  with  a  silicate 
melt  with  the  help  of  highly  sensitive  profilograph- 
profilometer  with  radius  of  instrument  point  feeler 
equals  to  0,002  mm  and  a  force  at  feeling  the  sur¬ 
face  not  exceeding  1 ,0  N. 

Wetting  is  one  of  the  important  factor  of 
reliability  of  structural  material  for  glass  shaping 
tooling.  Glass  samples  of  5±0,25  mm  diameter  and 
5 ±0,25  and  samples  of  the  material  being  re¬ 
searched  of  20+0,5  mm  diameter  and  10±0,5  mm 
height  were  used  to  determine  wetting.  Wetting 
was  determined  my  modem  installation  addition¬ 
ally  fitted  with  heat-insulative  screens  to  prevent 
distortion  of  a  drop  contour  when  fixing  on  a  film, 
plumb  bob  for  alignment  of  sample  and  system  of 
fine  gas  purification  with  respective  adsorbents  and 
catalysts.  A  drop  of  molten  glass  was  fixed  with  a 
help  of  camera  and  wetting  angle  0  was  measured 
on  photo  enlarged  5  times  with  microscope,  accu¬ 
racy  ±1°.  The  method  of  quantitative  assessment  of 
adhesion  of  melt  glass  to  metal  has  been  proposed 
for  the  purpose  of  widening  the  scope  of  processes 
occurring  in  a  zone  of  contacting  structural  mate¬ 
rial  with  a  viscous  melt.  Proposed  method  resides 
in  analysis  of  coefficient  of  adhesion  A,  being  de¬ 
termined  as  ratio  of  surface  area  on  which  adhesion 
of  glassmass  to  metal  occurred  to  all  the  surface 
which  a  drop  of  molten  glass  occupied.  The  in¬ 
strument  was  elaborated  on  a  base  of  microhard- 
nessmeter  to  characterize  the  damage  and  adhesive 
properties  of  oxide  layers  on  materials  surface  after 
contacting  with  glassmass.  Principle  of  operation 
of  the  instrument  is  based  on  pressing  in  the  re¬ 
volving  around  its  axis  roller  into  oxide  layer.  To 
improve  the  accuracy  of  results  obtained,  the  speed 
of  roller  displacement  relatively  to  the  sample  be¬ 
ing  researched  is  limited  to  1  mm/min  and  force 
pressing  in  the  roller  into  oxide  layer  is  P— IN  and 
length  of  measurement  is  15  mm. 
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The  influence  of  graphite  phase  in  ferrous- 
carbon  alloy  on  sensible  heat,  physical  mechanical, 
and  service  properties  has  been  studied.  It  was  re¬ 
vealed  that  with  increase  of  graphite  phase  quantity 
from  2,1  up  to  18,3  volumetric  percent  heat  con¬ 
duction  increases  by  78  %.  At  the  same  time  sur¬ 
face  area  of  failure  with  graphite  increases  from 
9±0,5%  to  90±0,5%,  so  alloy  failure  occurs  mainly 
in  graphite  inclusions  that  explains  deterioration  of 
mechanical  properties  and  viscosity  of  failure.  It 
was  found  that  iron  wetting  with  glass  mass, 
roughness  and  velocity  of  thermochemical  erosion 
rises  respectively  to  65%,  412,5%  and  292%  with 
an  increase  of  graphite  phase  quantity. 

The  analytical  task  of  determining  ultimate 
strength  of  heterogeneous  material  (ferrite  + 
graphite)  with  growing  carbon  content  from  0,48 
up  to  4,02%  has  been  solved.  It  was  shown  that  the 
failure  character  of  ironcarbon  alloys  at  loading  is 
related  to  concentration  of  stresses  at  points  of 
graphite  inclusions.  Experimentally  it  was  proved, 
that  when  loading  at  points  of  graphite  inclusions 
microzones  of  plastic  deformation  are  being 
formed.  Using  numerical -analytical  method  of  fi¬ 
nite  elements,  analytical  task  in  frames  of  theory  of 
plasticity  has  been  solved  enabling  to  determine 
sizes  of  plastic  deformation  zones  which  are  re¬ 
lated  to  size  and  shape  of  inclusion,  load  and  elas- 
toplastic  characteristics  of  inclusions  and  metallic 
matrix.  Relationship  between  microdeformed 
metal  factor  and  parameter  of  inclusion  shape  has 
been  ascertained. 

It  is  shown  that  with  the  increase  of  pa¬ 
rameters  of  inclusion  shape  the  share  of  microde¬ 
formed  metal  grows  with  exponential  relationship. 

The  idea  of  cast  iron  failure  mechanism  on 
periodic  contact  with  glasmass  melt  has  been  wid¬ 
ened.  It  was  found  that  cast  iron  wetting  with 
glasmass  is  related  to  shape  and  roughness  and 
velocity  of  thermochemical  erosion  to  shape  and 
sizes  of  graphite  inclusions.  The  mechanism  of 
damage  of  cast  iron  with  different  degree  of  alloy¬ 
ing  has  been  studied.  It  is  proved  that  graphite  has 
a  dominant  role  in  failure  and  formation  of  cast 
iron  properties  regardless  of  alloying  degree.  On 
basis  of  analysis  of  regressive  relationships  of  pro¬ 
posed  criteria  of  durability  to  chemical  composi¬ 
tion  of  cast  iron,  optimum  combinations  of  con¬ 
centration  of  carbon  and  silicon  providing  required 
level  of  mechanical  and  service  characteristics  for 
definite  conditions  of  tools  parts  operation  have 
been  found.  It  was  found  that  at  simultaneous  al¬ 
loying  of  cast  iron  with  chromium  (0,4. ..0,6%)  and 
aluminum  (0,4. ..0,6%)  strength,  viscosity  of  failure 
and  thermal  resistance  increase  that  is  associated 


primarily  with  finer  structure  of  perlite  and  rela¬ 
tively  low  graphite  participation  in  failure.  Finer 
structure  of  perlite  and  presence  on  cast  iron  of 
oxide  films  with  crome  and  aluminium  base  offer 
minimum  values  of  roughness,  wetting,  adhesive 
factor,  velocity  of  thermochemical  erosion  and 
better  resistance  to  failure  of  oxide  layers.  It  has 
been  proved  the  copper  content  in  cast  iron  should 
be  within  limits  of  0,15... 0,3%  to  increase  heat 
conductivity  of  cast  iron  for  the  purpose  of  extrac¬ 
tion  of  heat  from  working  surface  of  glassmould¬ 
ing  tool.  On  basis  of  results  obtained  compositions 
of  cast  iron  for  parts  of  glassmoulding  tools  work¬ 
ing 'in  conditions  of  thermochemical  erosion,  ther- 
mocyclic  and  mechanical  loads  have  been  ob¬ 
tained.  Relationships  describing  the  influence  of 
chemical  composition  of  cast  high  speed  steel  for 
knives  fragment  of  glassmass  to  suggested  criteria 
of  reliability  and  durability  have  been  enstablished. 
It  is  shown  that  carbon  content  of  0,85-0,95%  pro¬ 
vides  optimum  combination  of  mechanical,  opera¬ 
tional  and  technological  properties  of  steel.  It  has 
been  proved  that  increasing  content  of  tungsteen, 
molibdenium  and  vanadium  by  5%  enhances  coef¬ 
ficient  of  adhesion  by  117,4%,  183,3%  and  157%, 
breakage  of  oxide  layers  -  by  135%,  15%  and  55% 
and  roughness  -  by  293,3%,  206,7%  and  220,4% 
respectively.  It  has  been  found  out  that  concentra¬ 
tion  of  tungsteen  (1%),  molibdenium  (3%)  and 
vanadium  (3%)  decrease  to  maximum  the  velocity 
of  thermochemical  erosion  as  a  consequence  of 
leveling  off  carbide  heterogeneity,  desintegration 
of  carbide  phase  and  decrease  in  electrode  poten¬ 
tial  between  carbide  phase  and  metal  matrix.  On 
the  basis  of  these  obtained  results  steel  has  been 
elaborated  for  manufacturing  knives  with  pro¬ 
longed  operational  resource. 

Relationships  of  influence  of  basic  alloy¬ 
ing  element  of  copper,  self-fluxing  elements  of 
boron  and  silicon  as  well  as  calcium  and  cerium 
modifiers  to  regularity  of  structure  formation  and 
creating  mechanical,  operational  and  technological 
properties  of  built-up  metal  on  a  basis  of  nickel 
have  been  enstablished.  It  has  been  proved  that 
silicon  content  in  nickel  alloys  with  0,5...  1,5%  of 
B  should  not  exceed  2%  that  provides  for  mini¬ 
mum  coefficient  of  adhesion  of  glassmass  to  built- 
up  metal.  It  has  been  proved  that  addition  of 
12...  15%  of  Cu  to  nickel  alloy  with  boron  and  sili¬ 
con  enables  decreasing  in  roughness  and  adhesion 
factor.  Increase  of  copper  content  up  to  30%  im¬ 
proves  the  adhesive  strength  of  built-up  metal  with 
base  one  and  thermal  resistance  respectively. 
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COMBUSTION  SYNTHESIS  OF  STABILIZED  ZIRCONIUM  OXIDE  IN 

SYSTEM  Zr02-Y203-Mg0 

Hashkovsky  S.V.,  Shilova  O.A. 

Institute  of  Silicate  Chemistry  of  Russian  Academy  of  Sciences,  St.  Petersburg,  Russia 


Zirconium  oxide  excels  a  lot  of  ceramic  structural 
materials  in  respect  of  such  important 
characteristics  as  high  mechanical  strength,  heat 
resistance,  low  heat  conductivity,  chemical 
durability  and  unique  electro-physical  properties. 

Precursor  of  zirconium  ceramic  materials,  as  a 
rule,  is  stabilized  zirconium  oxide.  It  is  known 
that  traditional  process  of  synthesis  stabilized 
Zr02  is  of  long-time  character  and  proceeds  at 
high  temperatures,  demanding  the  big  power 
expenses. 

Here  the  opportunity  of  preparing  stabilized 
zirconium  in  system  Zr02-Y203-Mg0  in  a  mode 
of  combustion  synthesis  is  considered. 

The  tableted  mechanical  mixture  consisting  of 
powder-like  Zr02,  Y20  and  metallic  Mg  was  used 
as  a  starting  composition.  The  synthesis  was 
carried  out  in  a  quartz  reactor  in  atmosphere  of 
oxygen  at  temperature  800°C. 

It  was  shown  using  visual  examination  that 
process  of  component  interaction  has  active 
character  and  occurs  in  short-term  intervals  with  a 
large  heat  release.  The  samples  prepared  looked 
like  fused  glassy  substance. 

X-ray  phase  analysis  was  carried  out  using  X-ray- 
diffractometer  D-500/HS  (Siemens).  It  is 
determined  that  reaction  products  consist  of  large 
amount  of  zirconium  dioxide  of  cubic  phase  and  a 
small  amount  of  magnesium  oxide  (Fig.  IB).  Both 
the  electron  probe  microanalysis  and  scanning 
electron  microscopy  studies  was  carried  out  using 
Camebax  microanalyzer.  There  are  the  presence 
of  the  features  of  the  structural  relief 
inhomogeneity  as  well  as  synthesis  products  in  the 
form  of  both  a  globe  and  globule  on  the  surface 
(Fig.  2  and  3).  The  latters  are  connected,  probably, 
to  a  character  of  interaction  of  the  components  in 
oxygen  atmosphere  and  the  techniques  of  the 
mixture  kindling. 

In  the  following  experiment  the  part  of  metal 
magnesium  was  replaced  with  magnesium 


perchlorate.  The  synthesis  was  carried  out  in  the 
steel  reactor  under  conditions  of  static 
environmental  stress  applied  to  a  sample. 


Fig.  1  Rontgenogram  describing  phase 
composition  of  products  of  component 
interaction  in  system  Zr02-Y203-Mg0 
prepared  by  means  of  combustion  synthesis. 

A  —  a  reference  sample  of  stabilized 
Zr02  prepared  by  traditional  methods  of 
ceramic  technology. 

B  -  a  sample  of  stabilized  Zr02 
prepared  from  mix  of  powder-like  Zr02,  Y20 
and  metallic  Mg  in  an  atmosphere  of  oxygen  by 
means  of  combustion  synthesis 

C  -  a  sample  stabilized  Zr02  prepared 
from  mix  of  powder-like  Zr02,  Y20  and 
metallic  Mg  in  an  atmosphere  of  oxygen  by 
means  of  combustion  synthesis  under 
conditions  of  static  environmental  stress. 

The  reaction  was  initiated  by  a  supply  of  heat  of 
tungsten  filament.  The  process  of  interaction  of 
the  components  had  explosive  character  with 
allocation  of  light-end  products  of  decomposition 
of  magnesium  perchlorate. 
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Fig.  2.  A  fragment  of  the  sample  surface 
with  the  globular  formations. 


The  data  of  X-ray  analysis  of  the  products  of 
interaction  evidenced  that  they  consist  of 
zirconium  dioxide  of  a  cubic  phase  and  are 
characterized  a  presence  of  magnesium  oxide 
traces  (Fig.  1C). 


Fig.  3.  A  fragment  of  the  sample  surface 
with  the  teardrop-shaped  formations. 
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STRUCTURAL  -  PHASE  TRANSFORMATIONS  AND  DIFFUSION  OF 
NITROGEN  IN  SUBSURFACE  AREAS  OF  ION  ALLOYED  MOLYBDENUM 

Bodnar  O.B.,  Bdikin  I.K.0),  Aristova  I.M.(5),  Mazilkin  A.A.(1),  Zamalin  E.Yu.,  Pronina  L.N.(,) 

Moscow  State  Academy  of  the  Instalment  Engineering  and  Information 
0  institute  of  Solid  State  Physics,  Russian  Academy  of  Sciences 


Purpose  of  the  given  research  is  to  study 
features  of  structure,  properties  and  diffusion  in 
subsurface  layers  of  a  monocrystalline  foil  of 
molybdenum  after  implantation  by  ions  of 
nitrogen.  The  technology  of  ion  implantation 
opens  opportunities  for  changing  microstructure 
and  properties  of  a  surface 
Experimental 

The  paper  concerns  structure  investigation  of 
subsurface  layers  of  a  molybdenum 
monocrystalline  foil.  The  initial  samples  before 
implantation  had  orientation  of  a  plane  of  the 
surface  parallel  to  a  (001)  crystallographic  plane. 
The  average  dislocation  density  in  foils  was  about 
108  cm'2.  The  implantation  doze  was  5-10^Cm‘2, 
and  energy  of  implantation  was  50  and  100  keV. 
Diffusion  annealing  of  samples  was  carried  out  at 
temperature  800  —  900°C.  Change  of  surface 
concentration  of  nitrogen  in  ion  alloyed 
molybdenum  was  investigated  by  means  of  Auger 
electronic  spectroscopy  and  SIMS  technique.  The 
estimation  of  the  nitrogen  diffusion  constant  was 
made  by  the  time  of  occurrence  of  a  maximum  of 
nitrogen  concentration  at  the  sample  surface.  X- 
ray  investigations  were  made  using  DRON-2 
diffractometer  with  copper  radiation. 

Results  and  discussion 

Technique  of  the  diffusion  characteristics  of 
subsurface  areas  was  developed  in  [1,  2]  for  ion 
alloyed  materials.  The  basic  features  of  this 
technique  are  to  create  of  cupola-shaped 
distribution  of  an  impurity  inside  a  sample  and  to 
study  kinetics  of  changes  of  surface  concentration 
at  the  diffusion  annealing.  Several  diffusion  flows 
with  various  coefficients  of  diffusion  were 
detected  experimentally  in  ion  alloyed  silicon  and 
at  least  one  radiation  defect  was  identified.  In 
present  work  the  technique  of  diffusion 
characteristics  determination  is  applied  to  metals, 
in  particular,  to  molybdenum. 

Initial  nitrogen  profile  after  implantation  was 
defined  by  SIMS  with  constant  speed  of  etching  of 
70A/min.  Annealing  of  the  alloyed  samples  was 
carried  out  in  the  chamber  of  Auger  spectrometer 


with  simultaneously  determining  the  nitrogen 
concentration  on  the  surface. 

Fig.  1  is  the  experimental  time  dependencies 
of  nitrogen  subsurface  concentration  received  for 
four  various  annealing  temperatures. 
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Fig.  1 .  Time  dependencies  of  nitrogen  subsurface 
concentration  1  -T=I073K,  E=50keV;  2  — 

T=1 123K,  E=50keV ;  3  -  T=1 148K,  E=100keV; 

4  -  T=1 1 73K,  E=1  OOkeV 

All  the  kinetic  curves  have  two  maxima  of 
concentration  (shown  by  arrows  in  Fig.  1).  Their 
occurrence  is  connected,  apparently,  to  presence  of 
additional  peak  of  nitrogen  in  initial  distribution 
[3]  (Fig.  2).  The  additional  peak  of  nitrogen  in 
initial  distribution  connected  authors  [3]  with  the 
radiation  induced  diffusion  arising  because  of 
appreciable  target  heating  at  implantation.  The 
estimation  of  nitrogen  diffusion  constant  in 
subsurface  areas  of  molybdenum  was  carried  out 
by  a  technique  described  in  [2].  Parameters  for  the 
initial  impurity  distribution  were  defined  from  Fig. 
2.  For  the  main  maximum  these  parameters 
practically  coincide  with  the  data  reported  in  [4]. 
Nitrogen  diffusion  constants  are  given  in  the  table. 
The  diffusion  constant  Dj  is  connected  with 
annealing  of  radiation  demages,  and  that  of  D2  -  to 
the  diffusion  by  volume  mechanism. 

The  nitrogen  diffusion  constants  in 
molybdenum  taken  from  [5,  6]  are  also  given  in 
the  table.  It  is  necessary  to  note  that  feature  of  the 
received  diffusion  constants  is  their  low  values  (6 
-9  orders  of  magnitude)  in  comparison  with 
volume  diffusion  constants  of  nitrogen  in 
molybdenum  solid  solution.  The  solubility  of 
nitrogen  in  molybdenum  [7]  is  rather  small,  and 
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the  implantation  doze  gives  the  maximal 
concentration  in  the  initial  distribution  more  than 
30  at.%.  That  it  is  enough  for  the  nitride  M02N 
formation. 


rcb 


/  \ 
/  \ 


/ 


200  600  800  * 


■A 


Fig. 2.  The  initial  profile  of  nitrogen  distribution 
(STMS).  E=100keV,  Q=510'7cm-2, 
j=20pA/cm2 


>10l7cm-2  interfaces  of  the  nitrides  particles  can 
serve  as  a  drain  of  point  defects.  Then  the 
measured  diffusion  constant  Dj  characterizes  the 
mobility  of  the  radiation  defect  bound  up  with 
nitrogen  atoms,  and  constant  D2,  apparently  is 
connected  to  the  volume  diffusion  of  nitrogen  in 
the  nitr  ide.  In  this  sense  the  values  of  constants  Dj 
and  D2,  considerably  smaller  than  those  of 
diffusion  in  the  solid  solution,  are  seemed  to  be 
reasonable  enough. 
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Table  1.  Diffusion  costants 


Implantation 
energy,  keV 

50  kcV 

100  kcV 

Ref. 

T.K 

1073 

1183 

1148 

1173 

D,,  cm/c3 

2,8  1017 

2,1  1016 

7,5  1016 

2,9  10,s 

D3,  cm/c! 

1,1  io  ,fi 

8,7  10-16 

2,3  1015 

6,2  10" 

2,7  to 9 

9,3  10" 

1,1  10-8 

1,7  lO’8 

[5] 

O  j  Clii/c 

9,5  10  s 

1,7  lO'7 

6,2  lO'7 

[6] 

On  the  8-20  difractogram  (Fig.  3)  for 
implanted  molybdenum  specimens  additional 
difrraction  peaks  are  appeared.  Position  of  these 
peaks  corresponds  to  that  of  (200)  and  (004) 
reflections  for  M02N  phase  (I4i/amd).  Absence  of 
other  peaks  shows  that  the  received  phase  has  a 
definite  orientation  in  relation  to  molybdenum 
crystal:  (100)Mo||(100)Mo2N  and 

(100)Mo||(001)Mo2N.  By  the  reflections 
crystal logarphic  parameters  of  this  phase  arc 
determined:  a=4.124A,  c=8.044A.  It  is  close  to  the 
known  parameters  for  a  phase  P-M02N. 

Thus  the  implanted  nitrogen  in  molybdenum 
specimens  is  presented  both  as  a  solid  solution  and 
as  nitride  M02N.  At  the  ion  implantation  there  are 
a  lot  of  radiation  damages  in  molybdenum  surface 
layers  [8],  Atoms  of  nitrogen  apparently  are 
condensed  on  them  reducing  their  mobility. 
Besides  according  to  the  data  of  [9]  at  the 
annealing  of  implanted  specimens  with  dozes 


Fig.  3.  0  -  2G  difractogram  for  implanted 
molybdenum  specimens 
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STUDYING  MATERIAL  DEGRADATION  IN  THE  COURSE  OF 
OPERATION  BY  THE  METHOD  OF  LM-HARDNESS 


Lebedev  A. A.,  Muzyka  N.R.,  Voltchek  N.L. 

Institute  for  Problems  of  Strength  of  the  National  Ac.  Sci.  of  Ukraine  2  Timiryazivs  ka  str.,  01014, 

Kyiv,  Ukraine 


The  quality  of  monitoring  the  remaining  life  of 
active  structures  depends  essentially  on  the 
reliability  of  the  data  on  the  current  state  of 
materials  of  the  most  stressed  elements.  The 
assessment  of  this  state  at  different  stages  of 
operation  is  performed  using  the  results  of  direct 
(methods  of  metallography,  weighing,  etc.)  or 
indirect  (acoustic  metallography,  electric  resistance, 
etc.)  measurements  [1]. 

Application  of  these  methods  often  involves  large 
errors,  because  the  relation  between  the  measured 
parameters  of  a  structure  and  the  characteristics  of 
the  material  properties  is  ambiguous.  Besides,  in 
many  cases,  measurements  require  samples  of 
materials  to  be  cut  from  structures,  which  is  not 
always  possible. 

The  hardness  method  based  on  the  assumption  that 
there  exists  a  correlation  between  the  characteristics 
of  hardness  and  the  material  properties  [2]  has 
received  wide  acceptance  in  estimating  the  material 
degradation  due  to  damage  accumulation.  However, 
in  spite  of  the  apparent  merits  (convenience  and 
simplicity  of  the  equipment,  no  need  for  breaking 
down  a  structure  to  fabricate  specimens,  etc.),  the 
hardness  method  in  its  classical  form  possesses  low 
sensitivity  to  many  structural  transformations,  i.e., 
to  the  degree  of  damage. 

As  demonstrated  by  the  investigations  performed  at 
the  Institute  for  Problems  of  Strength  of  the 
National  Ac.  Sci.  of  Ukraine,  some  derivatives  of 
the  hardness  absolute  values,  in  particular,  the 
dispersion  of  the  measurement  results  obtained 
using  the  same  instrumentation  under  identical 
conditions  rather  than  the  absolute  values 
themselves,  are  more  representative  for  the 
correlation  with  the  structural  state.  With  the 
availability  of  the  necessary  data  set  on  the 
hardness  of  the  material  studied,  the  dispersion  of 
its  values  can  be  inferred  by  the  parameters  of  the 
distribution  law  describing  this  dispersion.  It  turned 
out  that  Weibull’s  distribution  [3]  widely  used  in 
the  mechanics  of  materials,  in  particular,  in 
elaborating  static  theories  of  strength,  is  the  most 
physically  justified  law.  This  distribution  contains 


the  parameter  m,  i.e.,  the  coefficient  of 
homogeneity  describing  the  degree  of  dispersion 
of  the  characteristics  of  the  property  under 
study.  Its  determination  involves  Gumbel’s 
formula  [4]  transformed  into  the  following  form 
applicable  to  hardness  testing: 


m  =  0.4343c/, 


i=l 


-1/2 


where  d„  is  the  quantity  determined  depending 
on  the  number  of  measurements  (n  >  15)  and  H 
is  the  mean  hardness  value. 


The  larger  values  of  the  coefficient  m 
correspond  to  the  low  values  of  the  dispersion  of 
the  hardness  characteristics  and,  therefore,  to  a 
better  arrangement  of  the  structure  and  low 
degree  of  damage,  and  vice  versa.  It  should  be 
noted  that  the  level  of  the  characteristic 
dispersion  of  the  sought  property,  including 
hardness,  can  be  matched  by  other  statistic 
criteria,  in  particular,  the  confidence  interval, 
variation  coefficient,  and  others  [5]. 

The  above  method  can  be  used  in  studying  the 
non-localized  damage  accumulation  due  to 
operation  under  conditions  of  long-term  static  or 
cyclic  loading  as  well  as  under  short-term 
loading  depending  on  the  level  of  plastic  strains. 
This  statement  is  evidenced  by  the  experimental 
data  described  below,  which  were  obtained  in 
operational  development  of  the  method. 

Hardness  of  the  materials  was  determined  by  a 
standard  procedure  using  Vickers’  diamond 
pyramid  machine.  Indentations  were  made  by  a 
diamond  pyramid  with  a  vertex  angle  of  136° 
and  the  load  on  indenter  15 ON. 

The  investigations  were  performed  on  three 
steels  in  the  initial  state  after  a  certain  operating 
time:  pipe  steel  13123  produced  in 

Czechoslovakia  after  being  in  operation  for  a 
long  time  in  the  system  of  Dashava  -  Kiev  gas 
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pipeline  (a  pipe  of  0  508x9.5  mm),  a  similar 
domestic  pipe  steel  17GS  after  being  in  operation 
under  conditions  of  cyclic  loading,  and  structural 
steel  20KhN3A  after  short-term  static  loading  to 
various  levels  of  deformation. 

The  results  of  the  investigation  revealed  that,  after 
long-term  (during  48  years)  operation,  the  hardness 
of  steel  13123  changed  by  about  9%,  whereas  the 
value  of  the  coefficient  of  homogeneity,  which 
characterizes  the  degree  of  the  material 
homogeneity,  decreased  almost  three  times  and  this 
decrease  was  the  largest  on  the  inside  of  the  pipe. 

Analogous  results,  which  point  to  a  higher 
sensitivity  of  the  characteristics  of  dispersion  of  the 
hardness  data  to  the  operating  time  as  compared  to 
the  average  values  of  the  hardness  absolute 
magnitudes  can  be  observed  under  conditions  of 
cyclic  loading.  The  investigation  of  steel  17GS  after 
being  in  operation  under  conditions  of  alternating 
bending  to  fracture  at  au  =  35  MPa  and  Nu  = 
0.57-10'  cycles  and  without  fracture  at  au=  28  MPa 
and  Nu  =  10'  cycles,  similarly  to  the  case  of  long- 
term  static  loading,  revealed  insignificant  increase 
in  hardness.  In  this  case,  the  contribution  of  the 
level  of  stresses  to  the  increase  in  hardness  is  more 
significant  than  that  of  the  accumulated  operating 
time.  Changes  in  Weibull’s  coefficient  of 
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homogeneity  are  more  appreciable  and  point  to 
the  fact  that  the  process  of  damage  accumulation 
was  more  intensive  at  a  stress  of  35  MPa  and  at 
the  instant  of  fracture  its  intensity  was  half  of  the 
initial  one.  At  a  stress  of  28  MPa  its  intensity 
decreased  by  no  more  than  10%,  though  the 
material  was  subjected  to  107load  cycles. 

The  accumulation  of  damages  in  the  material  is 
also  well  con-elated  with  Weibull’s  parameter 
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static  short-term  deformation  hardness  does  not 
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The  results  described  above  show  that  the 
method  of  LM-hardness,  being  highly 
informative  in  terms  of  the  degree  of  damage 
accumulated  in  the  material,  does  not  require 
high  qualification  of  the  operator  and  can  be 
realized  directly  on  the  object  under 
investigation  with  little  if  any  damage  done  to 
the  state  of  its  surface. 
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VISUALIZATION  OF  BORON  DISTRIBUTION  IN  MOLYBDENUM 
ALLOYS  BY  PARTICLE-TRACKING  AUTORADIOGRAPHY 

Fumio  MORITO*,  Alexander  V.  KRAJNIKOV(,)  and  Hideo  SAITO(2) 

National  Institute  for  Materials  Science,  Tsukuba,  Japan 
(1  institute  for  Problems  of  Materials  Science,  Kiev,  Ukraine 
(2)Chiba  Institute  of  Technology,  Funabashi,  Japan 


We  have  been  studied  that  mechanical  properties 
of  molybdenum  alloys  were  improved  by  a  small 
amount  of  boron  addition  [1-4],  In  order  to 
understand  the  state  of  boron  in  the  matrix,  the 
role  of  boron  and  its  mechanism,  we  investigated 
boron  distribution  by  particle-tracking 
autoradiography  (PTA)  [5,6],  To  our  lesser 
knowledge,  it  is  for  the  first  time  that  we  could 
succeed  in  visualization  of  boron  distribution  in 
molybdenum  alloys  by  means  of  -rays  tracked 
etching  method  using  thermal  neutron  irradiation. 
In  the  PTA  analysis,  fission  reaction  of  the 
isotope,  10B,  takes  place  when  subjected  to 
irradiation  of  the  thermal  neutron:  10B  +  n  + 
7Li.  The  capture  area  of  this  reaction  can  be  used 
as  a  guide  for  detecting  the  existence  of  boron  in  a 
material. 

Fig.  1  shows  the  PTA  micrograph  of  Mo-2.5  ppm 
B.  The  black  dots  corresponded  to  the  etched  pits 
in  cellulose  acetate  detector  films.  The  densities  of 
these  dots  in  the  local  microstructure  were  directly 
proportional  to  the  boron  concentration  in  this 
area.  There  were  three  patterns  of  the  black  dots: 
One  was  that  the  dots  uniformly  distributed  in  the 
material,  the  second  was  that  the  dots  formed  in  a 
black  cluster  and  the  third  was  that  the  dots 
clearly  existed  along  gram  boundaries.  The  first 
pattern  corresponded  to  the  boron  dissolved  in  the 
matrix  of  the  material.  The  second  corresponded 
to  the  boron  existing  in  a  boron-containing  phase. 
The  third  corresponded  to  the  boron  segregated  to 
gram  boundaries.  As  the  boron  content  increased, 
the  portion  of  the  cluster  significantly  increased. 
We  also  found  out  that  even  in  molybdenum 
containing  as  low  as  0.02  ppm  B,  some  clusters 
still  existed.  This  suggests  that  the  boron  rich 
phase  formed  very  easily  in  molybdenum 


containing  boron.  As  the  bulk  boron  increased,  the 
density  of  the  dots,  uniformly  distributed  in  the 
matrix,  decreased.  This  demonstrates  that  the 
content  of  boron  dissolved  in  the  matrix  decreased 
as  the  bulk  boron  content  increased.  Borides  with 
molybdenum  in  fine  needle-like  precipitates  were 
also  recognized  in  molybdenum  containing  more 
than  50  ppm  B. 


Fig.l  PTA  micrograph  of  Mo-2.5  ppm  B. 
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SIMULATION  OF  THE  CONCENTRATION  PROFILES  USING  AUGER 
ELECTRON-SPECTROSCOPY  AND  SECONDARY  ION 
MASSSPECTROMETRY 
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The  calculation  of  the  diffusion  coefficients  is 
conducted  by  a  method  of  simulation  in  the  thin- 
film  system  Cu-Ni  on  experimental  concentration 
profiles  obtained  by  the  method  of  Auger 
Electron-Spectroscopy  using  the  diffusion  model 
[1]  and  solution  of  the  Fika  second  equation  for 
the  tf-layer  system  (n=2)  finite  depth.  In  this 
model  the  difference  of  the  diffusion  coefficients 
of  components  in  the  different  contacting  layers  is 
allowed,  therefore  to  definition  were  subject  for 
other  investigated  temperatures  of  an  four 
parameters:  Ai,  D22  -  self-diffusion  coefficients 
of  copper  and  nickel;  A  2,  Ai  -  partial  diffusion 
coefficients  of  copper  in  a  nickel  and  nickel  in 
copper  accordingly. 

With  the  purpose  of  finding  the  values 
of  the  partial  diffusion  coefficients  and  the  self¬ 
diffusion  coefficients  as  much  as  possible 
approximating  parent  distributions  obtained 
within  the  framework  of  indicated  model,  to 
experimentally  found,  their  adjustment  with  using 
of  the  reliability  ^-factor.  The  reliability  criterion 
was  determined  as  follows 


where  CE,  CT  -  experimental  and  theoretical 
values  of  the  concentration,  and  C  .  -  minimum 

mm 

experimentally  observed  concentration. 

The  experimental  ( T  =  573  K,  Li  =  900  c) 
and  the  theoretical  concentration  profiles  at 
different  values  of  the  diffusion  coefficients  for  a 
thin-film  system  Cu-Ni  with  thickness  of  layers 
about  100  nm  were  received.  The  values  of  the  R- 
factor  conforming  to  different  combinations  of  a 
self-diffusion  coefficient  of  copper  (A,)  and  a 
partial  diffusion  coefficient  (A  2)  of  copper  in  a 
nickel  (Fig.  1)  are  calculated  also. 

The  optimization  of  the  calculated  values 
was  conducted  by  a  method  “  network  search”  in 
the  supposition,  that  the  /^-factor  is  a  quadratic 
function  Du  and  A2  in  neighborhood  of  some 
minimum  value  Rmi„.  The  maximum  similarity 
between  the  calculated  and  experimental 
concentration  curves  is  observed  at  following 


values  of  diffusion  coefficients:  £>,,= 2-1  O'14  cm2/s 
and  A2=3T0'|J  cm2/s  (Rmia  =  0,082). 

The  self-diffusion  coefficients  Cu  and  Ni, 
and  also  partial  diffusion  coefficients  of  the 
copper  atoms  in  a  layer  of  a  nickel  and  nickel  in 
a  layer  of  copper  annealing  are  similarly 
calculated.  The  obtained  data  for  a  case  of  a 
maximum  similarity  experimental  and  theoretical 
curves  testify  to  predominance  of  a  diffusive  flow 
Cu  as  contrasted  to  Ni.  The  self-diffusion 
coefficients  and  partial  diffusion  coefficients  of 
components  of  thin-film  systems  Cr-Cu  and  Ni- 
Au  with  depth  of  layers  about  100  nm  also  are 
calculated  by  a  method  “network  search”  with 
using  of  the  optimized  /^-factor  for  the  two 
annealing  temperatures  of  373  and  573  K.  From 
the  obtained  data  follows,  that  the  partial 
coefficients  /)Cu'Cr  on  the  order  exceed  the 
conforming  values  dCt>Cu  in  an  investigated 
temperature  region.  The  values  A‘>Au 
approximately  in  4  times  are  more  DAu  >Ni  and  on 
the  order  -  Ar>Cu. 

The  similarly  simulation  method  can  be 
utilised  and  for  the  calculation  of  the  diffusion 
coefficients  in  thin-film  systems  under  the  data  of 
a  of  Secondary  Ion  Mass-Spectrometry  .  The 
similar  calculation  is  conducted  by  us  for  a  system 
Ti-Al  with  thickness  of  layers  100  nm  and  40  nm 
accordingly  (Fig.  2).  In  this  case  solution  of  a 
diffusive  problem  for  a  system  consisting  of  n- 
layers  under  condition  of  unlimited  dissolubility 
of  components  and  piecewise  constant  partial 
diffusion  coefficients  also  utilised. 

It  is  necessary  to  mark,  that  the  system  Ti- 
Al  has  the  complicated  equilibrium  diagram, 
however  in  the  region  of  the  investigated 
temperatures  (773  ...  923  K)  and  concentrations 
the  intermediate  phases  miss,  i.e.  the  unlimited 
dissolubility  of  components  is  observed.  It  was 
confirmed  by  both  data  of  A-ray  crystallographic 
analysis,  and  the  behavior  of  the  secondary  ion 
emission,  which  one  is  responsive  to  change  of  a 
phase  structure  of  the  system.  Thus  indispensable 
condition  for  using  of  the  indicated  solution  is 
executed. 
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The  plots  of  the  ^-factor  changes 
(example  in  a  Fig.  3)  are  constructed  at  exhaustive 
search  of  values  of  the  partial  diffusion  coefficient 
Ti  in  A1  -  A  2  in  some  interval  and  constant  value 
of  a  self-diffusion  coefficient  Ti  -  Dn  and,  to  the 
contrary,  exhaustive  search  Dn  and  constant  D\ 2, 
and  the  outcomes  of  calculation  Rm  for 
concentration  profiles  Ti  are  adduced  at  T  =  773 
K,  Z  =  1800  s.  To  minimum  value  of  the 
reliability  factor  Rmm  =  0,01  there  correspond  the 
values  Du  =  4-10  16  cm2/s  and  Du  ~  6T0  cm  Is, 
i.  e.  at  these  values  the  maximum  similarity 
between  calculated  and  experimental 
concentration  curves  is  observed.  The  outcomes  of 
the  similar  calculations  Rmm,  Dn  and  Dn  and  for 
other  annealing  temperatures  are  determined.  The 
activation  energy  and  preexponential  factor,  which 
one  for  a  case  of  a  self-diffusion  Ti  are  gn=17,73 
kkal  and  D'\  =3,98-1  O'11  cm2/s;  and  for  diffusion 
Ti  in  A1  gi 2=4,5  kkal  and  d°2  =1,12-10  11  cm2/s, 
accordingly,  were  determined. 


Fig.  2.  The  experimental  concentration  profile  of 
Ti  in  the  Ti-Al  system  for  773  K  ( — )  and 
calculated  one  obtained  for  values: 

Dn  =3,25- 1016  cm2/s,  A2=4,6T046  cm2/s,  R 
=  0,03  (0);  Du  =  Dn  =  1046  cm2/s,  R  =  0,442 
(■);  Du  =  1045  cm2/s,  Dn  =  2-1045  cm2/s,  R 
-2,42  (x). 


Fig.  1.  Simulation  of  the  concentration  profiles 
in  the  Cu-Ni  system.  An  experimental  profile(-) 
and  calculated  at  the  following  data: 


Du,  cm2/s 

Dn,  cm2/s 

R 

l-lO45 

l-io43 

1,98 

— 

8T045 

9-1043 

0,39 

A 

2T044 

3- 1043 

0,082 

0 

5-1043 

2-1042 

2,01 

Fig.  3.  Relation  of  the  7?- factor  to  a  partial 
diffusion 

coefficient  Ti  in  A1  at  fixed  value  Dn  -  5-10  16 
cm2/s. 
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Instrumental  analytical  methods  such  as  atom 
emission  spectrometry  (AES),  X-ray  fluorescence 
(XRF)  and  glow  discharge  mass  spectrometry 
(GDMS)  are  widely  used  as  reliable  methods  for 
analysis  of  various  materials.  Analytical  control  by 
instrumental  methods  is  based  on  preliminary 
measured  calibration  curves  or  special  coefficients. 
Calibration  parameters  may  be  found  with  use  of  set 
of  standard  reference  materials.  The  problem  is  that 
in  manufacturing  of  new  materials,  containing  new 
elements,  standard  reference  materials,  certified  by 
National  standardization  organization,  can  not  exist  in 
principle.  New  types  of  aluminum  alloys,  containing 
Sc,  Y,  REE,  refractory  metals  and  others  require 
complex  solution  of  the  problem  of  standards.  In 
development  of  new  techniques  special  attention  must 
be  paid  to  the  structure  and  phase  composition  of 
standard  reference  materials.  Structural  effects, 
effects  of  grain  size,  influence  of  elemental 
composition  must  be  taken  into  account  every  time  in 
analysis  of  new  alloys. 

The  problem  was  solved  with  use  of  complex 
approach  based  on  application  of  analytical  methods 
allowing  absolute  measurements.  These  are  XRF 
method  of  fundamental  parameters  and  chemical 
methods.  Chemical  methods  in  many  cases  do  not 
allow  separate  detection  of  REE,  small  concentration 
of  refractory  metals,  etc.  Therefore  the  method  of 
fundamental  parameters  remains  the  only  analytical 
means  to  solve  the  problem. 

This  method  was  carefully  tested  on  available 
standards  of  various  matrices.  In  the  Fig.l,  as  an 
example,  is  shown  comparison  of  calculated  and 
certified  values  for  steels.  This  example  represents 
most  unfavorable  case  of  strong  intcrelement 
influence  at  calibration  by  pure  metals.  Relative  error 
of  calculations  is  less  than  4%,  that  corresponds  to 
inhomogeneity  of  ingots.  Application  of  this 
technique  combined  with  wet  chemical  methods 
allows  to  create  local  standards  used  by  AES  and 
GDMS  methods. 

Compared  with  other  techniques  the  glow 
discharge  source  gives  uniform  response  over  a  very 
wide  range  of  elements.  Excellent  quantitation  can  be 


obtained  with  minimum  concern  about  standards 
matching. 
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Fig.l.  Validation  curve  for  method  of 
fundamental  parameters  measured  on  steel 
standard  reference  materials. 

Serious  problem  of  GDMS  are  molecular 
ions.  These  molecules  may  considerably 
influence  on  the  results  and  restrict  detection 
limit.  Experimental  and  theoretical  study  allows 
to  understand  mechanism  of  ion-molecular 
reactions  and  develop  a  method  for  calculation 
of  concentration  of  molecular  ions  in  the  glow 
discharge  plasma  [1],  In  Fig.2,  as  an  example, 
are  shown  results  of  mathematical  simulation  of 
■  mass-spectra  for  146}^ 


Fig.2.  Calculated  and  measured  mass- 
spectra  in  the  region  of  146}sjd. 
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For  aluminum  alloys  studied  was  developed  atlases  of 
molecular  interferences  allowing  to  minimize 
detrimental  effect  of  interferences. 

AES  with  spark  evaporation  and  excitation  of 
lines  is  widely  used  for  analysis  of  alloys.  High 
performance  and  good  detection  limit  for  light 
elements  compared  to  XRF  are  advantages  of  this 
method.  Weak  point  of  this  technique  is  dependence 
of  analytical  signal  of  sample  composition  and  spark 
generator  parameters.  Earlier  study  has  show,  that 
analytical  signal  at  some  generation  mode  is 
independent  on  elemental  and  structural  difference  in 
standards  and  samples  [2].  These  effects  arise  at 
power  density  in  a  spark  foot  up  to  10^0  W/m^.  Such 
mode  results  in  small  oxidation  of  the  surface  and 
formation  of  small  grain  size  structure.  Mathematical 
simulation  of  plasma  parameters  show  weak 
dependence  of  electron  concentration  and  plasma 
temperature  of  additions  light  ionized  elements  such 
as  REE.  Decrease  in  ne  by  5  -  10%  became  visible  at 
concentrations  REE  of  abut  10%  (Fig. 3). 
Concentrations  of  REE  in  alloys  studied  do  not 
exceed  0.5%. 


Fig. 3.:  Concentrations  of  charged  particles  on 
discharge  axis  against  addition  of  REE  in  W-Cu 
composition  at  constant  power. 

Calculations  show  that  additions  of  REE  does 
not  increase  ne,  as  it  may  be  expected  a-priory, 
moreover  this  results  in  clearly  visible  decrease  of  ne. 
The  reason  of  such  behaviour  is  decreasing  in 
electron  temperature  due  to  inelastic  collisions  with 
excitations  of  levels.  But  decrease  in  ne  is  not  so  high 
as  it  may  be  thought  taking  into  account  exponential 
dependence  of  electron  concentration  of  T  (Saga 
function).  The  point  is  that  simultaneously  decreases 
effective  ionization  potential  of  the  gas  mixture  Eieff. 
Combined  effect  of  these  factors  results  in  relatively 
small  decrease  in  ne  and  proportionality  between 


concentrations  of  elements  in  sample, 
evaporation  rate  and  ion  concentration  in  plasma 
(Fig.3).  Investigation  of  influence  of  discharge 
power  on  relative  intensity  of  analytical  lines  of 
elements  to  line  of  A1  were  performed  on  a 
sample  with  such  composition  (wt.%)  (Mg  3.0, 
Sc  0.4,  Mn  0.4,  Cu  2.7,  Zn  9.0,  Zr  0.2,  Y  0.2). 

Experiments  show  that  decreasing  in 
power  (C=0.005  pF)  results  in  selective 
evaporation  of  Y,  Mg,  Mn.  In  the  Fig.4  as  an 
example  is  shown  kinetic  curves  for  Y. 


Fig.4.  Relative  intensities  of  Y  and  Al  lines  as 
function  of  discharge  time. 

Curves  for  Mg  explain  the  same  behaviour 
but  for  Mn  relative  intensity  increases  with  time. 
In  other  words  low  power  discharge  performs 
electric  etching  of  the  surface.  Such  results  may 
be  used  to  establish  correlation  between 
structure  and  line  intensities.  Decreasing  in 
capacity  or  switching  on  additional  inductance 
results  in  structural  effects.  More  powerful 
discharge,  as  indicates  Fig.4,  (C>=0.01  pF, 
L=0)  gives  nonselective  flush  evaporation 
allowing  to  minimize  structural  and  matrix 
effects. 
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GD-MS  and  X-ray  fluorescence  techniques  arc 
recognized  as  sensitive  methods  for  analysis  of 
elements  distribution  over  an  ingot  or  for  depth 
profiling  of  thin  surface  layers.  The  intensity  of 
analytical  signal  strongly  depends  on  crystallite  size 
and  phase  composition  especially  in  determination  of 
light  elements  producing  major  amount  of 
fluorescence  radiation  from  thin  layer  of  a  sample. 
Effect  of  grain  size  is  negligibly  small  if  the 
following  inequality  is  true  [1]: 

K(pp(M-m(M)«i,  (l) 

where  K  is  a  particle  size,  Pp(Z)-  the  mean 
absorption  coefficient  of  a  sample,  pfk)  -  absorption 
coefficient  of  a  phase  /.  This  condition  is  especially 
unfavorable  for  silicon  determination  in  aluminum 
matrix  owing  to  the  high  value  of  (ip(A.)  for  Si  Ka 
radiation  in  aluminum  (3630)  and  small  p.;(k)  for 
silicon  Ka  radiation  in  silicon  phase  (344).  To  meet 
condition  (1)  the  grain  size  must  be  less  than  several 
microns.  This  is  the  reason  why  the  structure  of  a 
sample  to  be  analyzed  must  be  as  close  as  possible  to 
that  of  the  standard  reference  materials. 

The  nature  of  structural  effects  in  GD-MS 
differs  from  that  of  X-ray  fluorescence  and  depends 
on  processes  in  glow  discharge.  The  glow  discharge 
plasma  interacts  active  with  the  surface  of  a  sample 
owing  to  the  sputtering  by  Ar  ions  and  condensation 
process.  The  sputter  rate  of  the  cathode  is  for  10%  or 
more  due  to  ions  of  its  own  material  [2].  The  joint 
action  of  sputtering  and  condensation  creates  a  new 
type  of  the  surface  which  grows  on  the  initial  surface. 
Nevertheless  GD-MS  system  in  contrast  to  X-ray 
fluorescence  relatively  free  of  structural  and  matrix 
effects.  Relative  sensitivity  factors  (RSFs)  measured 
with  use  of  a  set  of  standard  samples  of  one  matrix 
could  be  used  for  analysis  of  elements  in  a  different 
matrix.  Our  experience  in  analysis  of  various  types  of 
alloys  supports  this  conclusions  but  for  master  alloy 
with  3%  of  Si  the  error  of  determination  appears  to 
be  about  300  -  400%. 

The  commonly  used  methods  for  sample 
preparation  in  X-ray  fluorescence  based  on  remelting 
in  specially  designed  furnace.  Such  methods  allow  to 
measure  only  bulk  concentration  of  an  element  and 
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do  not  suit  for  analysis  of  elements  distribution 
over  an  ingot.  To  preserve  high  spatial 
resolution  of  X-ray  and  GD-MS  methods  and  to 
avoid  errors  the  surface  of  the  sample  must  be 
modified  to  obtain  small  grain  size.  This  study 
presents  a  method  for  preliminary  treatment  of 
the  sample  surface  by  pulse  spark  discharge 
allowing  to  minimize  the  structural  effects  in 
X-ray  fluorescence  and  GD-MS  methods. 

Analyses  were  carried  out  with  use  VRA- 
30  X-ray  fluorescence  spectrometer  (Carl  Zeiss, 
Jena,  Germany).  VRA-30  is  vacuum 
spectrometer  equipped  with  appropriate  X-ray 
tube.  Structural  effects  were  studied  on 
aluminum  alloy  of  the  following  composition 
(wt.%):  Mg  -  0.67,  A1  -  92.08,  Si  -  6.0,  Ti  -  0.16, 
Mn  -  0.04,  Fe  -  0.15  and  master  alloy  with  3 
wt.%  of  silicon.  Samples  were  prepared  as  a 
ring  plate  20  mm  in  diameter.  The  surface  of 
the  sample  was  given  high-polish  using  the 
diamond  paste. 

For  GD-MS  analysis  the  VG9000  mass- 
spectrometer  was  used.  Experiments  were 
carried  out  using  the  flat-cell  without  cooling 
operated  at  1  kV  discharge  voltage  and  2  mA 
discharge  current  in  Ar.  The  samples  were  filed 
to  obtain  a  fresh  surface  without  any  sharp 
edges,  rinsed  in  ethanol  in  an  ultrasonic  bath  for 
5  min.,  and  finally  plasma  etched  for  20  min.  in 
GD  source  prior  to  analysis. 

The  standard  materials  analyzed  in  the 
course  of  this  study  were  National  aluminum 
alloy  standards  of  the  former  Soviet  Union. 
Standards  had  been  prepared  in  the  shape  of  a 
rod  8  mm  in  diameter  by  casting  in  a  chilled 
mold.  Such  technology  refines  the  grain  because 
of  high  cooling  rate  and  results  in  homogeneous 
distribution  of  elements. 

IVS-23  spark  generator  was  used  for 
surface  treatment  of  samples.  This  generator  is 
used  as  spectra  source  in  emission  spectra! 
analysis  of  metals.  Time  of  a  single  pulse  was 
about  10'5  s  and  power  density  in  foot  of  plasma 
runs  as  high  as  1010  Wm.'2  [3],  The  generator 
gives  nonselective  flash  evaporation  and  rapid 
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quenching  of  the  surface.  This  process  is  responsible 
for  fine-grained  metal  structure.  The  thickness  of 
flowed  layer  is  about  20  -  50  p  depending  on  regime 
of  generator. 

Effects  of  the  structure  were  discovered  at  X-ray 
silicon  determination  in  aluminum  alloys  casted  in 
earth  mould.  The  size  of  silicon  crystallites  grows 
proportional  to  chill  time,  so  the  similar  increase  in 
measured  values  of  Si  was  observed.  For  coarse 
crystallites  (20  -  40  p)  the  measured  values  of  Si 
exceed  the  true  concentrations  in  200%.  After  spark 
plasma  treatment  the  fine  crystallite  structure  (1-2  p) 
was  obtained.  It  is  worth  to  note  that  connection  of 
even  small  additional  inductance  results  in  increase 
of  discharge  time  and  appearance  of  structural 
effects. 

In  GD-MS  method  RSF  for  silicon  have  been 
measured  using  a  set  of  standards  of  various 
composition.  The  calibration  graph  is  strait  line 
passing  through  the  origin.  The  reason  of  uniform 
values  of  RSF  for  various  standards  is  that  all  of  them 
have  been  produced  by  the  same  fabrication 
technique  and  have  very  small  grain  size.  GD-MS 
analysis  of  #357  alloy  shows  no  significant  structural 
effects.  But  at  analysis  of  master  alloy  with  3%  of  Si 
the  structural  effect  appears  to  be  very  strong.  In 
Fig.l  are  shown  dependence  of  measured  silicon 
content  on  sputtering  time.  Initial  values  exceed  the 
true  value  in  3-4  times.  An  equilibrium  concentration 
of  Si  is  established  after  30  -  60  min.  depending  on 
production  route  of  a  sample. 


Fig.l. Sputtering  kinetic  of  silicon  from  aluminum 
alloys.  1,2-  master  alloys  before  spark  treatment;  3  - 
alloys  after  spark  treatment. 

The  thickness  of  surface  layer  producing 
analytical  signal  depends  on  discharge  parameters 
and  like  in  X-ray  method  is  about  several  microns. 


Apparently  spark  plasma  treatment  leads  to  the 
partial  dissolution  of  silicon  crystallites  in  A1 
matrix.  As  indicates  Table  1  spark  plasma 
process  fully  eliminates  structural  effects. 


Table  1.  Influence  of  spark  plasma  process  on 
silicon  determination  in  aluminum  alloy. _ 


Methods 

Before 

treatment 

After 

treatment 

Alloy  #357 

% 

% 

X-Ray 

8-12 

6.0 

GD-MS 

5.6 

5.9 

Chemical  analysis 

6.0 

- 

Master  Alloy 

X-Ray 

4.4 

2.77 

GD-MS 

10-12 

2.8 

Chemical  analysis 

2.8 

- 

At  this  stage  of  investigation  it  is  not  clear 
why  effects  of  structure  in  GD-MS  show  itself 
in  master  alloy  Al-Si  and  there  is  no  effect  in 
more  complex  alloys.  As  it  has  been  mentioned 
above,  the  condensation  process  together  with 
sputtering  by  Ar+  ions  change  the  initial 
structure  of  the  surface.  The  morphology  of  the 
surface  creating  as  a  result  of  condensation 
depends  on  nucleating  centers.  In  some 
aluminum  alloys  with  high  Zn  concentration  a 
chains  of  crystallites  grow  along  the  grain 
boundary  after  preliminary  sputtering.  Such 
crystallites  grow  perpendicular  to  the  surface 
and  are  about  20  -100  p  in  high.  The  crystallite 
growth  rate  controlled  by  dynamic  equilibrium 
of  sputtering  and  condensation. 

Structural  effects  influence  also  on 
determination  other  elements  in  various 
matrices  so  method  developed  is  promising  for 
similar  analytical  tasks. 
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Last  decade  large  scale  investigation  and  tests 
have  been  launched  out  in  the  field  of  direct 
electrochemical  convertion  of  energy  of  fuel 
oxidation  into  electricity  with  ceramic  oxygen- 
ion-conductors  based  on  Zr02.  The  efficiency  of 
laboratory  and  pilot  models  of  such  solid  ionic 
generators  is  almost  twice  higher  than  for  best 
industrial  electric  generators,  that  makes  path  of 
intensive  development  in  this  field  inevitable  for 
modem  power  engineering. 

Besides  power  engineering  the  solid 
electrolytes  devices  are  widely  using  all  over  the 
world  as  a  basis  of  numerous  devices  and 
instruments  for  measurement,  control  and 
regulation  of  values,  bound  with  partial  pressure 
and  quantity  of  oxygen:  completeness  of  fuel 
combustion  and  regulation  of  ratio  oxidant  /  fuel 
in  different  power  systems,  engines,  boiler  etc., 
control  of  degree  of  steel  deoxidization  or 
contents  of  oxygen  in  melts  of  non-ferrous 
metals,  control  of  technological  processes,  bound 
with  reduction  of  metals'  oxides  or  processing  of 
different  materials  and  workpieces  in  gas 
environment  with  determined  oxygen  contents, 
dosed  supply  of  oxygen,  regulation  and 
measurement  of  oxygen  contents  in  technological 
and  scientific  research  installations,  as  well  as  in 
physicochemical  and  thermodynamic  researches 
etc.  The  object  of  this  report  -  to  summarize 
researchers  and  experience  accumulated  in  IPMS 
NASU  in  the  field  of  development  and 
application  devices  on  the  basis  of  oxide  solid 
electrolytes.  First  of  all,  it  is  relevantly  to  remind, 
that  the  used  now  all  over  the  world  material  for 
high  temperature  current-carrying  leads  of  solid 
electrolyte  power  systems  on  the  basis  of  doped 
chromite  of  lanthanides,  was  developed  in  IPMS 
NASU  by  prof.  S.G.Tresviatsky.  Under  his 
guidance  since  1962  the  author  of  this  report 
began  study  of  S.G.Tresviatsky.  Under  his 
guidance  since  1962  the  author  of  this  report 
began  study  of  solid  electrolyte  devices  for 
control  of  a  partial  pressure  of  oxygen  P02  in 
laboratory  measuring  installations.  The  necessity 
of  such  devices  caused  by  the  fact  that  at  high 
temperature  measurements  of  physical  properties 
of  oxides  made  in  equilibrium  conditions  of 


oxide  with  a  gas  phase,  the  partial  pressure  of 
oxygen  controls  deviation  of  the  oxide  from 
stoichiometry,  i.e.  concentration  of  electronic 
defects  which  determine  the  electrical 
conductivity  of  the  most  oxides.  Thus,  the  high 
temperature  measurements  of  many  properties  of 
oxides  are  practically  impossible  without  control 
and  regulation  of  Po2- 

The  device  developed  and  presented  in  1963  to 
Scientific  Council  of  IPMS  consist  of  ceramic 
test  tube  made  from  solid  electrolyte  -  dioxide  of 
zirconium  stabilized  by  calcium  oxide,  with  gas- 
permeable  electrodes  made  by  bumed-in 
platinum  paste,  platinum  current  leads  and  gas 
leads  made  of  ceramic  tubes.  Solid  electrolyte 
test  tube  was  sealed  in  the  open  part,  and  the 
closed  part  of  the  test  tube  with  the  platinum 
electrodes  burned-in  on  both  sides  of  the 
ceramics  was  heated  in  special  furnace  up  to 
1000  -1100  °C.  The  internal  electrodes  of  the 
device  was  subjected  to  flaw  of  gas  mixture,  P02 
in  which  one  it  was  necessary  to  measure,  the 
outside  electrode  was  in  air.  The  tests  of  this 
device  have  shown  its  high  performance  and 
functionability  in  broad  range  of  oxygen  partial 
pressures  from  2-104  up  to  10'18  Pa.  It  can  act  also 
as  tiny  electrogenerator  with  short  circuit  current 
of  about  100  mA.  The  varieties  of  this  device 
were  manufactured  later  by  industry  -  first  by 
Angarsk  branch  of  OKBA,  where  the  author  has 
lectured  on  this  topic.  Later  on  the  basis  of 
accumulated  experience  a  number  of  such 

devices  and  materials  for  them  have  been 

developed  for  solution  of  the  particular  technical 
tasks,  for  example:  sensors  for  control  of 
stainless  steel  deoxidization  on  the  basis  of 
modified  solid  electrolyte  with  diminished  n-type 
conduction  (for  the  Moscow  Evening 

Metallurgical  Institute),  solid  electrolyte 

materials  and  devices  steady  in  melts  of  alkali 
metals  (for  SPU  "Energy"),  sensor  for  control  of 
oxidation  level  and  kinetics  of  reduction  of  metal 
powders  (for  Institute  of  Gas  NASU),  sensors  for 
the  control  of  completeness  of  fuel  combustion  in 
high-power  engines  (have  been  producing  by 
Ukranalit  for  more  than  10  years  now),  sensors 
with  oxide  ceramic  electrodes  and  current- 
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carrying  leads  to  control  completeness  of  fuel 
combustion  in  district  boilers  (for  Minenergo  of 
Ukraine),  and  some  other  similar  sensors  and 
materials  for  them.  The  laboratory  device  for 
study  nonstoichiometry  in  oxides  was  improved 


in  such  way:  instead  of  gas  mixture  flow  through 
measuring  volume  and  control  P02  at  input  and 
output  with  solid  electrolyte  sensors,  the  internal 
part  of  ceramic  test  tube,  sealed  in  the  cold  part, 
have  been  utilized  as  measuring  cell  (Fig.l). 


Fig.l.  Ceramic  solid  electrolyte  device  for  regulation  and  measurement  of  partial  pressure  of  oxygen. 


Inside  the  test  tube  1,  made  from  solid  electrolyte 
with  composition  0,85Zr02+0,15Y203,  the 
sample  5  was  placed  with  electrodes  and  current 
leads  6,7,9  connected  with  measuring  instrument 
.through  hermetical  connector  8.  The  closed  part 
of  the  test  tube  was  placed  into  furnace  10  with 
platinum-rhodium  heater.  The  regulation  and 
control  P02  in  a  measuring  volume  was  made  by 
two  pairs  of  platinum  electrodes:  on  internal 
surface  of  the  test  tube  there  was  common 
electrode  2,  and  on  outside  surface  -  two 
electrodes  3  and  4.  The  electrodes  2  and  3 
worked  as  the  oxygen  pump  regulating  P02  in  the 
measuring  cell,  and  pair  electrodes  2  and  4  -  as 
the  P02-meter.  Total  volume  of  the  measuring 
cell  was  about  150  cm3.  The  described  cell  can 
be  used  to  measure  electrical  conductivity  of 


oxides  at  temperatures  up  to  1550  °C  in  P02  range 
2-104  -  10'15  Pa.  Except  the  measurements,  the 
cell  was  utilized  also  for  physicochemical 
experiments  -  dosed  oxidation  of  the  suboxides 
and  other  high-melting  compounds,  dosed  partial 
and  full  reduction  of  oxides  etc.  In  particular,  by 
pumping  oxygen  from  a  single-crystal  of  nickel 
oxide  it  was  found  that  the  oxide  has  been 
completely  reduced  up  to  metal  and  was 
transformed  into  nickel  single-crystal  containing 
about  50  %  vol.  of  ordered  nanopores.  Such  kind 
of  a  single-crystal  Reley  nickel  was  obtained  for 
the  first  time. 

As  the  given  cell  contains  electric 
minigenerator  and  measuring  device,  on  its  basis 
the  original  method  of  estimation  efficiency  of 
solid  ionic  fuel  cells  was  proposed. 
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PRECISION  MEASUREMENT  OF  LATTICE  PARAMETERS  IN 
HIGH-TEMPERATURE  X-RAY  DIFFRACTOMETRY 

Karpets  M.V. 

I.N.  Frantsevich  Institute  for  Problems  of  Materials  Science  of  NAS  of  Ukraine,  Kiev,  Ukraine 


Unknown  specimen  displacements  are  the 
most  severe  errors  of  an  in  situ  high-temperature 
X-ray  diffraction  (XRD)  method,  in  particular  at 
elevated  temperatures,  with  respect  to  positions  of 
the  Bragg’s  reflections  characterized  by  the 
corresponding  diffraction  angles,  26.  Nevertheless, 
nowadays  the  XRD  method  is  a  very  useful  tool 
for  investigation  of  the  behaviour  of  powder 
materials  at  non-ambient  temperatures. 

The  specimen  surface,  which  may  be  in  the 
ideal  position  at  room  temperature,  in  general  will 
not  be  in  this  position  upon  heating.  Heating  leads 
to  thermal  expansion,  possibly  in  association  with 
stress  development,  and  the  specimen  surface  can 
move.  Furthermore,  it  is  necessary  to  take  into 
account  the  following  diffractometer  aberrations: 
the  zero  shift,  the  effect  of  beam  penetrating  into  a 
specimen  and  the  effect  of  specimen  transparency. 

The  zero  shift,  A(26)z,  involves  a  constant 
shift  of  the  peak  positions  over  the  whole  26  range. 
The  specimen  displacement,  s,  leads  to  a  peak  shift 
A(26)d  proportionally  to  cosd  [1]: 

A(26)d  =  (2s/R)  cos6 ,  (1) 

where  R  is  the  goniometer  radius  and  s  is  positive 
for  displacement  along  the  perpendicular  to  the 
specimen  surface.  The  shift  diffraction  angle 
A(26)p  dependence  of  the  beam  penetrating  into 
specimen  effect  and  given  by  the  equation: 

A(26)p  =  -(p/R)  sin26  ,  (2) 

where  p  is  a  depth  of  X-ray  penetration  into  a 
specimen.  The  thickness  specimen,  t,  leads  to  the 
specimen  transparency  effect  and  peak  shift  A (26), 
expressed  as: 

A (26),  =  (t/R)  cos6  (3) 

It  is  noted  that  the  effect  of  specimen 
transparency,  which  may  be  non-neglectable,  is 
effectively  incorporated  in  the  specimen 
displacement  parameter  determination.  The  largest 
errors  in  26  are  the  zero  shift  and  the  specimen 
displacement.  It  is  evident  that  the  peak  shift 
induced  by  the  specimen  displacement  can  hardly 
be  distinguished  from  the  zero  shift  for  low 
diffraction  angles.  In  this  case,  these  two  errors 
have  been  considered  as  one  combined  error 
causing  a  constant  shift  of  the  peak  positions. 

If  both  the  zero  shift  and  specimen 
displacement  occur,  they  can  be  measured  at 
constant  temperature  by  applying  standard 


materials  for  which  the  true  peak  positions  are 
known.  It  can  be  assumed  safely  that,  the  zero  shift 
has  not  been  changed  when  the  specimen  is 
exposed  to  various  temperatures  in  the  heating 
diffractometer  chamber.  This  is  not  true  for  the 
specimen  displacement. 

In  the  present  work,  an  in  situ  XRD  method 
was  used  to  study  phases  of  the  Al3(Tii.xZrx)  alloy 
and  to  determine  simultaneously  both  the  zero 
shift  and  the  specimen  displacement  using  a 
heating  UVD-2000  stage  installed  in  the 
diffractometer.  The  alloys  were  prepared  by  arc 
melting  in  a  purified  argon  atmosphere.  An  X-ray 
analysis  of  specimens,  in  as  cast  and  grinded  in  an 
agate  grinder  conditions,  was  carried  out  using  a 
DRON-UM1  diffractometer  with  Bragg-Brentano 
geometry  (goniometer  radius  R  =  192  mm)  in 
monochromatic  Cu  Ka  radiation.  A  graphite  single 
crystal  used  as  monochromator  was  installed  on 
diffracted  beam. 

High  temperature  X-ray  investigations  were 
performed  in  helium  atmosphere.  The  room 
temperature  was  293  K.  The  temperature 
deviations  during  measurements  were  within  ±2K. 
A  pure  silicon  powder  (unit-cell  parameter,  a  = 
5.43047  A,  at  293  K),  either  mixed  with  the 
grinded  specimen  or  deposited  as  a  thin  layer,  on 
the  surface  of  the  cast  alloy,  was  used  as  an 
internal  standard  to  determine  lattice  parameters. 
The  diffraction  patterns  were  registered  by  step 
scanning  in  the  angle  range  of  26  =  10  -  130°. 
Scanning  step  was  26  =0.05  °,  and  the  exposure 
time  was  varied  from  5  to  20  s.  The  PowderCell 
2.3  software  was  used  to  carry  out  a  full-profile 
analysis  of  the  diffraction  patterns. 

Calculations  were  made  for  three 
polycrystalline  phases:  two  tetragonal  structures 
D022  (Al3Ti),  D023  (Al3(Ti,.xZrx))  and  FCC 
structure  Si.  Pseudo-Voigtl  function  was  selected 
as  an  approximating  function  of  diffraction 
profiles.  Varied  in  the  process  of  calculation  were 
parameters  of  crystalline  lattice,  the  half-width  of 
diffraction  maximum,  the  texture  factor,  the 
general  thermal  factor,  the  zero  shift  and  the 
specimen  displacement.  An  XRD  pattern  of  Si  and 
the  sample  (Al3Tio.84Zr0  is)  containing  equal 
quantities  of  phases  with  D022  and  D023  structures 
in  as-cast  state  is  presented  in  Figure  la. 
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Fig.  1.  XRD  pattern  of  the  sample  Al3(Tio.84Zro.i6) 
with  Si  (*)  as  an  internal  standard  at  different 
temperatures:  20°C  (a)  and  600°C,  900°C  (b). 

In  the  process  of  all  calculations  the  unit-cell 
parameter  for  Si  was  fixed.  Using  values  of 
thermal  expansion  coefficients,  silicon  unit-cell 
parameters  at  different  temperatures  were 
calculated  from  the  expression  [2]: 

a{T)  =  a0  (1  -  0.07 1  +  (7  ~  )'  l  (4) 

;=1 

where  aj  =  1.887*10'4  1/K,  a2=  1.934*10  7  1/K, 
a3  =  -4.544*  1  O'11  1/K,  a0  is  the  silicon  cell  period 

at  temperature  To=  273  K. 

The  zero  shift  at  room  temperature  is 
determined  from  the  peak  position  measurements 
performed  with  the  internal  standard  material.  This 
zero  shift  value  does  not  change  when  the 
specimen  is  investigated  at  elevated  temperature. 
Thus,  using  the  zero  shift  determined  at  room 
temperature  and  the  unit-cell  parameter  for  Si  a(T) 
[cf.  equation  (4)],  the  specimen  displacement  is 
determined  as  a  function  of  the  temperature.  In  the 


next  step,  the  corrected  true  peak  positions  of  the 
structures  D022  and  D023  are  determined  for  each 
temperature.  The  unit-cell  parameter  was  refined 
by  least-squares  fitting  of  Bragg's  equation  to  these 
corrected  values  of  the  peak  positions. 

The  calculations  have  shown  that,  at  room 
temperature  the  half  of  the  unit-cell  volume  of 
D023  structure  (V23/2=  129.41  A3)  is  bigger  than  the 
unit  cell  volume  of  D022  (V22  =129.05  A3). 
However,  already  at  the  temperature  of  600°C 
these  volumes  are  approximately  equal  (132.00  A 
and  132.07  A3,  correspondingly).  Further,  the 
temperature  increasing  up  to  700°C  causes  the 
volume  V23/2=132.45  A3  to  become  less  than  the 
volume  V22  =132.61  A3. 

At  the  same  time  the  phase  transformation  of  a 
tetragonal  structure  D022  into  another  tetragonal 
phase  D023  was  observed  (fig. lb).  When  cooling, 
this  transformation  occurred  in  the  temperature 
range  of  600-650°C.  The  formation  of  a  phase  with 
the  D023  structure  suggests  that  this  transformation 
is  accelerated  by  internal  stresses.  Therefore,  a 
mechanism  of  the  D022  -»  D023  phase 

transformation  is  related  probably  with  shear 
processes. 

It  is  of  interest  to  note  that  during  heating  a 
powder  of  the  Al3(Tio.84Zr0.i6)  specimen  with  Si  up 
to  800°C,  full  disappearance  of  Si  diffraction  peaks 
is  observed  (fig.  lb).  In  addition,  the 
transformation  of  the  D023  structure  into  D022  is 
registered  by  an  X-ray  in  situ  investigation.  The 
same  transformation  has  been  observed  also  in  the 
as-cast  specimen  containing  a  thin  Si  layer  on  its 
surface.  The  only  distinction  that  the  similar  bulk- 
sample  transformation  was  found  to  be  at  100°C 
higher  temperatures.  Therefore,  the  silicon  powder 
served  in  this  case  as  a  catalyst  of  the  D023  — >  D022 
structural  transformation. 

Conclusion 

The  utilization  of  an  internal  standard  allows 
to  determine  the  zero  shift  and  displacement  of  the 
sample  at  elevated  temperatures.  This  method, 
with  simultaneous  utilization  of  the  PowderCell 
2.3  software,  reveals  unit-cell  parameter  values 
for  the  specimen  investigated  that  are  equal  to  the 
true  values. 
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Cheap  and  available  commercial  SiC  powders, 
as  a  rule,  are  coarse.  The  most  simple  method  of 
producing  the  disperse  and  active  powders  is  their 
crushing  in  various  mills.  Grinding  the  ceramic 
powders  is  accompanied  with  significant  structural 
changes  which  render  essential  influence  on  the 
subsequent  sintering.  The  grinding  process  data 
concerning  kinetics  of  crushing  and  changes  of 
silicon  carbide  structure  and  properties  are 
insufficient. 

Polytype  transformations  in  a  silicon  carbide 
can  proceed  under  various  conditions,  including 
various  kinds  of  a  loading,  for  example,  shock  load 
[1],  It  is  known,  that  when  abrasing  the  silicon 
carbide  at  room  temperature  there  is  a  transition 
6H  ->  3C  [1], 

In  the  present  work,  changes  of  particle  sizes, 
phase  and  polytype  composition  and  structure 
when  grinding  with  a  hard-alloy  ball  mill  the 
silicon  carbide  powder  manufactured  by 
Volgograd  abrasive  factory  (fraction  up  to  50 
microns)  have  been  investigated. 

As  the  data  received  by  direct  diffraction 
methods,  in  this  case  are  difficult  to  interpret  due 
to  affinity  of  SiC  polytype  structures,  they  were 
complemented  with  studies  performed  by  Infrared 
Spectroscopy,  which  can  provide  additional 
information  on  symmetry  and  structure  of  crystals. 

X-ray  structure  analysis  has  shown  that  the 
investigated  powder  in  its  initial  condition  consists 
of  6H,  15R  a-SiC  and  cubic  p-SiC  polytype  mix, 
and  this  is  a  typical  composition  for  commercial 
powders  of  silicon  carbide  [2],  The  changes  of  X- 
ray  diffraction  patterns  when  grinding  are  scarcely 
appreciable  in  view  of  SiC  polytype  lattice  affinity 
and  line  interference,  fig.  1.  The  grinding 
influences  mostly  15R  polytype  0.239  nm  line 
which  intensity  considerably  decreases  just  after  5 
h  grinding  and  almost  absolutely  disappears  in  20 
hours. 

The  changes  of  powder  infrared  spectra,  fig.  2, 
tab.l,  also  testify  the  structural  reorganization 
when  grinding  the  SiC  commercial  powder. 


o 

A 

a 


Fig.l.  X-ray  diffraction  patterns  of  SiC  powder 
after  grinding  in  a  ball  mill.  Figures  at  a  curve  on 
the  right  are  represented  a  grinding  time,  hours. 
Phases:  □  -  4H,  o-  6H,  A  -  I5R. 


.  For  comparison  the  table  2  indicates  the 
information  on  number  of  bands  in  SiC  polytype 
infrared  spectra  according  to  data  [3]. 

As  the  grinding  time  increases  from  5  up  to  10 
and  20  hours,  the  number  of  bands,  fig.  1,  tab.l  is 
reduced. 

Numerous  small  intensity  bands  disappear,  the 
intensity  of  464,  514,  1092,  1160  cm'1  bands 
decreases,  the  intensity  of  348  cm'l  single  wide 
band  increases. 

The  least  number  of  5  absorption  bands 
corresponds  to  a  spectrum  of  a  sample  after  44 
hours  of  a  grinding. 
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Table  1 


Positions  (wavenumbers,  cm'1)  and  intensity  of 
absorption  band  in  Infrared  spectra  of  silicon 
carbide  powders  grinded  in  a  ball  mill.  _ 


Grinding  Time,  hours 

5 

10 

20 

44 

1164  med. 

1160  med. 

1160  med. 

1092  str. 

1090  med. 

1088  med. 

944  med. 

936  med. 

934  w. 

940  med. 

830  str. 

836  str. 

834  str. 

842  str. 

800  str. 

780  w. 

730  med. 

720  med. 

696  w. 

700  med. 

OH 

620  w. 

622  med. 

ISSEBBI 

607  w. 

604  med. 

514  med. 

528  w. 

454  str. 

462  med. 

462  w. 

Band  intensity:  med.  -  medium,  str.-  strong 
w.-  weak 


Table  2 

Number  of  bands  in  infrared  spectra  of  a  silicon 
carbide  polytypes  according  to  data  [3] 


n  * 

Modes  active 
in  infrared 
region** 

Shape 

3C 

2 

F, 

cubic 

4H 

8 

3Aj,  2E, 

hexagonal 

6H 

12 

5Ai,  5Ei 

hexagonal 

15R 

10 

9A,,  9E, 

rhombohedral 

21R 

14 

13A],  13E! 

rhombohedral 

*  n  -  number  of  atoms  in  an  elementary  cell, 

**  3Ab  2E]  means  the  following:  3  completely 
symmetrical  vibrations  of  Aj  type  and  two  twice 
degenerate  vibrations  of  Ei  type,  Fi  —  one  three 
times  degenerate  vibration. 

The  same  appearance  of  the  spectra  takes  a 
place  when  grinding  time  further  increases. 

Trend  of  changes  in  infrared  spectra  and  the  x- 
ray  data  testify  that  there  is  a  gradual 
transformation  of  1 RK,  6H  polytypes  existing  in  an 
initial  powder  into  structures  of  less  lamination: 
4H  and  P-SiC  polytype. 


Fig.  2.  Infrared  spectra  of  a  SiC  powder  grinded  in 
a  hard-alloy  ball  mill.  Figures  near  curves  represent 
a  grinding  time,  in  hours. 


So,  the  process  of  silicon  carbide  powder 
grinding  is  accompanied  with  changes  of  polytype 
composition  consisting  in  reduction  of  a  multilayer 
15R  polytype  share  and  increase  of  share  of  less 
laminated  structures:  4H  and  p*SiC  polytype,  and 
in  this  case  the  number  of  absorption  bands  of 
infrared  spectra  decreases. 

References 

1.  G.S.Olejnik,  N.V.Danilenko.  Polytype 
generation  in  non-metal  substances  //  Successes  of 
Chemistry.  1997.  vol.66,  No.  7,  p.615-640 

2.  G.G.Gnesin.  Silicon  carbide  materials.  M.: 
Metallurgy,  1977,  p.  216. 

3.  Application  of  Raman  spectra  /  Editor: 
A.Andersen,  translated  from  English,  M."Mir", 
1977,  p.586. 


711 


IV.  CHARACTERIZATION  OF  MATERIALS  PROPERTIES 


AN  OPTICAL  METHOD  OF  INVESTIGATING  THE  VISCOSITY  OF 

POLYMER  SOLUTIONS 

Kasheuski  S.B.,  Prokhorov  I.V. 

A.V.  Luikov  Heat  and  Mass  Transfer  Institute  of  the  National  Academy  of  Sciences  of  Belarus, 
Minsk,  220072,  Belarus,  E-mail:  bekas@itmo.by 


The  enhancement  of  electrical  conductivity  of 
filled  polymer  materials  (conducting  adhesive, 
films,  coating,  gaskets,  etc.)  can  be  attained  by 
forming,  upon  application  of  a  magnetic  field, 
clusters  of  ferromagnetic  conductive  particles  [1], 
A  new  electromagnetic  technique  based  upon  the 
phenomenon  of  dissipative  self-organisation  of 
magnetic  particulate  system  under  strongly  non¬ 
equilibrium  conditions  [2]  can  increase  the 
electrical  conductivity  of  a  weakly  filled 
composite  by  a  factor  of  7-9  orders  [3],  The 
technique  involves  numerical  simulations  of  the 
behaviour  of  many-particle  system  under  the 
time-varying  properties  of  polymer  matrix,  and 
the  data  are  needed  on  the  time  dependence  of 
these  properties,  first  of  all  rheological.  During 
electromagnetic  formation  of  a  structured  film, 
the  polymer  matrix  changes  its  viscosity  by 
several  orders  of  magnitude  and  is  endowed  with 
elasticity.  The  traditional  methods  can  hardly  be 
used  to  measure  the  time-dependent  rheological 
properties  when  a  thin  layer  of  evaporating 
polymer  solution  is  involved.  In  addition,  for  a 
medium  consisting  of  macromolecules  whose  size 
is  comparable  with  that  of  a  filler  particle,  the 
macroviscosimetry  data  may  be  not  a  good 
approximation  when  describing  particle  motion. 

In  order  to  investigate  the  changes  in  the 
rheological  parameters  of  a  polymer  solution 
caused  by  the  solvent  evaporation  we  propose  an 
optical  method.  It  is  based  on  measuring  a  time 
variation  of  light  transmission  through  a  thin 
layer  of  polymer  with  ferromagnetic  particles 
when  subjected  to  a  pulsed  magnetic  field.  If 
radiation  propagates  in  the  field  direction,  the 
layer  is  bleached.  The  kinetics  of  the  optical 
effect  that  occur  with  particle  motion,  provided 
that  particle  properties,  concentration  and  initial 
space  distribution,  as  well  as  characteristics  of  a 
field  pulse  are  specified,  is  detennined  by  the 
matrix  viscosity.  The  evaporation  alters  both 
polymer  properties  and  filler  concentration.  To 
exclude  the  influence  of  the  latter  on  the  kinetics 
and  the  magnitude  of  the  effect,  measurements 


can  be  made  after  the  total  particle  sedimention. 
First,  one  have  to  prepare  several  samples  being 
uniform  layers  of  the  same  thickness  and  particle 
concentration.  These  samples  must  be  sealed  and 
hold  for  a  time  interval  necessary  for  complete 
sedimentation.  Then,  they  have  to  be  unsealed, 
and  the  optical  measurements  with  each  of  these 
samples  have  to  be  made  at  some  time  intervals. 
A  practical  implementation  of  this  method  is 
associated  with  solving  a  number  of 
methodological  problems.  Among  them  the 
sensitivity  of  the  response  to  particle 

concentration  at  the  bottom  of  the  layer  and  to 
how  full  sedimentation  was.  To  answer  these 
questions,  computer  simulations  of  structure 
formation  and  the  light  transmission  were 
performed.  An  initial  state  of  a  layer  is 
characterised  by  a  uniform  distribution  of 
identical  spherical  particles  obtained  by  a 
generator  of  random  numbers  (the  layer  height  is 
equal  to  several  particle  diameters).  The  number 
of  particles  is  assigned  by  a  magnitude  of  a 
desired  degree  of  filling  the  layer  bottom  with 
precipitated  particles,  S ,  (relative  to  full  square 
packing  of  an  individual  layer).  A  sedimentation 
time  ts  is  determined  in  the  Stokes 
approximation.  The  kinetics  of  structure 
formation  of  the  particles  in  fluid  upon 
application  of  a  field  H  is  considered  by  the  direct 
numerical  simulation  of  the  motion  of  interacting 
particles  having  regard  to  particles 

magnetisation  M  and  the  fluid  matrix  viscosity  h. 
In  this  approximation,  the  characteristic  time  of 
the  process  is  given  by  the  relation 

t'  =  “\8tj/ 7tM 2 .  In  a  small  field,  M  =  (3/4 x)H 

and  t'  =  32 nr)/ H 2  .  A  lift  of  particles  toward  the 
upper  boundary  of  the  layer  is  calculated.  In  the 
approximation  of  geometrical  optics,  study  is 
made  of  the  kinetics  of  light  transmission  during 
the  structure  formation. 

The  analysis  of  the  numerical  data  obtained  and 
supported  by  experiments  allow  some  important 
conclusions  to  be  made.  The  initial  section  of  the 
optical  response  curve  is  linear.  The  curve  slope 
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j3  to  the  time  axis  T  is  inversely  proportional  to 
the  fluid  viscosity.  At  a  small  number  of  particles 
(s<l),  the  system  response  is  not  stabilised  by 
sedimentation  time  t  —  ts,  and  b  still  goes  down 
at  t  >  2 ts  .  As  s>l  the  b  value  as  a  function  of 
the  sedimentation  time  is  stabilised  when  r  =  rs  . 
Calculated  and  measured  variations  of  b  with  5  is 
presented  in  Fig.l. 


a)  b) 


/ 

0,1 

f 

3,05 

y 

0,6  0,8  1  1,2  0,6  0,8  1  1,2 


Fig.l.  Predicted  (a)  and  experimental  (b)  curve 
slopes  vs.  filling  degree 

A  measured  system  response  is  plotted  in  Fig.2. 


Fig. 2.  The  optical  response  of  a  magnetic 

suspension  to  a  pulse  of  magnetic  field 


In  experiments  it  was  chosen  that  s=1.25  and 
t=1.25ts.  A  possible  experimental  error  in 
determining  these  quantities  by  10-15%  causes  an 
error  of  the  quantity  p  no  more  than  10%.  In 
order  to  determine  the  viscosity  77  in  terms  of  the 
curve  slope,  the  normalised  curve  was 
constructed.  Experiments  were  performed  with 
suspensions  of  10  mm  spherical  nickel  particles 
in  polyvinilbuteral-cyclohexyl  alcohol  solution. 

1 

The  relation  is  obtained:  rj  =  —  tgP ,  where  a  is 

a 

the  calibration  coefficient.  In  a  field  of  30QOe, 
a=0.043.  The  optical  method  developed  for 
studying  the  viscosity  kinetic  during  evaporation 
has  appeared  to  be  useful  for  investigation  of 
rheological  parameters  of  thin  polymer  films. 

The  investigation  was  supported  by  the 
Foundation  of  fundamental  research  of  the 
Republic  of  Belarus  (Grant  T99-246). 
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CATHODOLUMINESCENCE  SRECTRA  OF  DOPED  CUBIC  BORON 

NITRIDE  CRYSTALS 

Gameza  L.M. 

The  Institute  of  Machine  Reliability  ofNASB,  Minsk,  Belarus 


Cubic  boron  nitride  (cBN)  is  a  A3B5 
semiconducting  compound  with  a  wide  band  gap. 
Due  to  a  number  of  physical  properties  it  can  be 
considered  as  an  analogue  of  diamond.  The 
practical  application  of  the  material  is  facilitated 
by  the  controlled  introduction  of  electrically  and 
optically  active  impurities  into  its  crystal  lattice. 
The  present  note  reports  the  influence  of  a  number 
of  doping  impurities  on  cathodoluminescent  (CL) 
spectra  over  the  range  from  200  to  800  nm  with 
the  aim  of  finding  optically  active  impurities 
introduced  into  the  crystal  during  its  growth. 

The  studies  of  cBN  have  presently  been  reported 
in  a  number  of  papers  [1  -  3].  Attempts  have  been 
made  at  ion  implantation  of  this  material  [4], 

Single  crystals  were  grown  using  systems  with  an 
excess  of  either  nitrogen  (BN  -  Li3N)  or  boron 
(BN  -  MgB2)  [5-8].  The  crystals  were  doped  by 
adding  fine  dispersed  powder  dopes  to  the  initial 
mixture  (Na202,  CaO,  MgO,  B203,  A1203,  Cr203, 
C,  Si,  LiH,  Fe2N2,  MgCI  were  added  to  the  BN  - 
Li3N  system  and  Si,  P,  As,  Sb,  Bi  -  to  the  BN  - 
MgB2  system). 

A  specially  equipped  EM-9  electron  microscope 
with  the  excitation  energy  of  35  keV  was  used  to 
excite  the  CL.  The  spectra  were  recorded  by  a 
MDR-2  monochromator  at  80  K. 

With  currently  available  methods  of  synthesis 
cBN  single  crystals  are  bound  to  possess 
nonuniform  distribution  of  defects  and  impurities 
over  the  volume.  This  causes  noticeable 
differences  in  the  structure  of  the  CL  spectra  both 
in  crystals  obtained  in  one  experiment  and  at 
various  points  of  one  single  crystal  (linear 
dimensions  of  the  single  crystals  were  0.15  -  0.70 
mm),  which  makes  it  difficult  to  find  a  correlation 
between  the  peculiarities  of  CL  spectra  of  cBN 
single  crystals  and  the  presence  of  dopes  in  them. 
The  correlations  reported  in  this  note  are  either 
explicit  or  highly  probable. 

The  crystals  obtained  in  the  BN  -  Li3N  system  are 
transparent,  colourless,  or  yellow  coloured.  Figure 
1,  spectrum  1  represents  a  typical  CL  spectrum  of 


initial  (undoped)  crystal  grown  in  the  system  with 
nitrogen  excess.  These  samples  irradiate  over  the 
entire  investigated  range.  The  maximum  radiation 
is  achieved  in  the  range  from  2.50  -  3.10  eV  then 
it  decreases  monotonously  to  zero  in  the  range 
4.15  -  4.45  eV.  In  the  majority  of  the  spectra  of 
this  crystal  type  the  radiation  related  to  the  GC-2 
center  [1]  is  observed.  Some  dopes  bring  about 
the  appearance  of  the  bands  the  maxima  of  which 
are  located  in  the  red  and  ultraviolet  ranges.  Thus, 
while  adding  LiH,  Na202  and  P  there  appear  broad 
bands  with  maxima  in  the  range  of  1.9  eV  and 
when  Si,  Na202,  MgO  are  introduced  the  maxima 
are  in  the  range  between  3.45  and  4.28  eV.  Figure 
1,  spectrum  2  presents  a  CL  spectrum  of  the 
crystal  grown  in  the  presence  of  Na202  which,  in 
contrast  to  the  spectra  of  the  initial  crystals, 
contains  the  bands  at  1.85  and  3.50  eV. 


Fig.  1.  CL  spectra  of  transparent  cBN  crystals:  1  - 
inicial;  2  -  as  doped  by  Na202. 


The  crystals  grown  with  MgB2  as  a  catalyst  are 
black  coloured.  In  the  CL  spectra  of  undoped 
initial  crystals  of  this  type  the  radiation  maximum 
can  be  located  in  any  part  of  the  spectra  ranginig 
from  1.77  to  3.10  eV.  The  colour  of  radiation  is 
white  or  blue-white.  The  presence  of  dopes  does 
not  influence  the  nature  of  the  spectrum  in  visible 
range  but  in  the  ultraviolet  range  with  Si,  P  and  Bi 
additions  there  appear  bands  with  maxima  in  the 
range  3.87  -4.35  eV. 
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In  the  CL  spectra  of  the  crystals  investigated  by  us 
a  number  of  known  and  new  centers  with  zero- 
phonon  lines  and  phonon  structures  accompaning 
them  have  been  recorded.  The  GC-2  center  is  the 
most  frequently  noted  in  the  transparent  crystals, 
which  agrees  with  the  assumption  that  this  center 
is  connected  with  the  boron  vacancy  [1].  It  should 
be  noted  that  the  intensity  of  the  GC-2  center  rises 
markedly  in  the  crystals  grown  in  the  reaction 
mixture  doped  by  phosphorus  or  oxide.  In  the 
transparent  crystals  grown  in  the  presence  of  CaO 
all  the  three  centers,  reported  earlier  as  radiation 
induced  ones,  have  also  been  revealed  [2,  4],  and 
in  silicon  doped  crystals  two  unknown  centers  at 
3.183  and  4.200  eV  have  been  noted  (Figure  2). 


Fig.  2.  CL  spectrum  segments  of  doped  cBN 
crystals  referring  to  vibronic  transitins.  The 
numbers  of  the  spectra  correspond  to  those  given 
in  Table  1 

In  the  CL  spectra  of  black  coloured  single  crystals 
new  centers  have  been  recorded:  at  4.500  eV  (BN 
-  MgB2  -  Si  system),  at  4.365  eV  (BN  -  MgB2  - 
P  system)  and  at  3.353  eV  (BN  -  MgB2  -  P  or 
LiH  system).  A  center  at  3.353  eV  has  also  been 
observed  in  undoped  material.  It  is  worthwhile  to 
mention  that  we  have  not  found  any  of  the  centers 
known  earlier  in  the  black  coloured  single  crystals 
both  doped  and  undoped  ones. 

Table  1  lists  the  date  on  spectral  position  of  the 
luminescent  bands  and  zero-phonon  lines  as  well 
as  catalysts  used  in  synthesis  and  dopes.  The 
dopes  omitted  from  Table  1  did  not  bring  about 
visible  changes  in  the  CL  spectra  of  the 


corresponding  crystals  when  compared  to  the 
spectra  of  the  initial  crystals. 

The  results  obtained  in  this  study  are  tentative  and 
further  investigatins  are  needed  to  interprete  the 
nature  of  the  defects  responsible  for  the 
peculiarities  observed  in  the  CL  spectra. 


Table  1  Energy  position  of  peculiarities  of  cBN 
single  crystals  grown  in  different  system _ 


N 

_ t - : - 

Catalyst 

Dope 

Type  of 
spectral 
peculiarities 

Energy 

position, 

eV 

1 

Li3N 

Si 

Zero- 

phonon  line 

3.183 

2 

Li3N 

Si 

Zero- 

phonon  line 

4.210 

3 

MgB2 

P,  LiH 

Zero- 

phonon  line 

3.353 

4 

MgB2 

P 

Zero- 

phonon  line 

4.365 

5 

MgB2 

Si 

Zero- 

phonon  line 

4.500 

6 

Li3N 

Si 

Band 

3.97- 

4.27 

7 

Li3N 

Na202, 

MgO 

Band 

3.45  - 

4.00 

8 

MgB2 

Si 

Band 

4.35 

9 

MgB2 

P 

Band 

4.27 

10 

MgB2 

Bi 

Band 

3.87  - 

4.00 
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INVESTIGATION  OF  METAL  SURFACE  BY  SCAN  KELVIN  PROBE 

Shipitsa  IN.A..  Zharin  A.L.,  Saroka  D.I. 

Powder  Metallurgy  Research  Institute,  Minsk,  Belarus 


The  most  promising  method  for  surface  control 
enabling  to  register  properties  of  a  thin  superficial 
layer  at  quite  big  area  of  surface  has  been  a 
method  based  on  registration  of  electron  work 
function  along  the  surface  of  investigated  mate¬ 
rial. 

Electron  work  function,  <T  -  energy,  which  should 
be  spent  on  removing  of  an  electron  from  solid 
stale  into  vacuum.  If  electric-static  potential  in 
vacuum  is  q>Q.  in  a  substance  -  q>j  and  Ep  -  Fermi 
energy,  electron  work  function  is  determined  ac¬ 
cording  to  the  equation  [1]: 

®  =  (<Pi  -<p0)-E,.=&<p-Er  =  AttPs  -Ef 

Value  of  Acp  is  the  difference  between  electric- 
static  potentials  of  the  electron  inside  and  outside 
the  metal  at  a  certain  point;  Acp  -  depends  on  the 
metal  surface  condition  and,  thus,  on  its  structure. 
At  the  same  time  A<p  =  47tPg,  where  Ps  -  dipole 
moment  of  the  double  layer  on  a  unit  of  surface 
area. 

Thus,  work  function  depends  both  on  the  metal 
volume  condition  Ep  and  its  surface  condition  Pg. 
This  second  component  depends  on  crystal- 
graphic  orientation  of  the  surface,  surface  defects, 
adsorbed  atoms,  surface  micro-roughness,  etc.  In 
case  the  metal  has  absolutely  flat  surface  electron 
cloud  inside  has  no  definite  boundary  because  this 
would  correspond  to  unlimited  high  power.  In 
practice  charge  density  gradually  falls  at  some 
distance  from  the  surface  because  wave  function 
exponentially  subsides  at  the  same  time.  As  a  re¬ 
sult  of  that  the  electron  cloud  expands  also  out¬ 
side  the  surface  limits,  which  leads  to  the  deficit 
of  electrons  inside  the  metal  and  formation  of  a 
corresponding  double  layer  and  a  step  of  the  po¬ 
tential  of  the  negative  terminal  outside.  The  po¬ 
tential  along  this  step  is  automatically  included 
into  the  value  of  the  work  function,  and  its  pres¬ 
ence  changes  topology  of  the  work  function  on 
the  metal  surface. 


From  the  point  of  view  of  non-destructive  surface 
condition  inspection,  the  most  suitable  method  to 
register  changes  in  the  work  function  is  scan  Kel¬ 
vin  probe,  where  measurements  are  carried  out  on 
a  contact  potential  between  standard  surfaces  and 
the  investigated  one  (Fig.  1 ). 


Figure  1 .  The  device  for  registering  topology  of 
the  electron  work  function. 


In  fig.  1  you  can  see  the  device  for  registering  to¬ 
pology  of  the  electron  work  function.  The  device 
consists  of  a  scanning  system,  a  control  system,  a 
reading  and  signal  processing  system  and  a  Kel¬ 
vin  probe. 

The  developed  device  enables  to  register  topology 
of  the  electron  work  function  up  to  200  x  200  mm 
at  the  speed  of  50  mm/sec,  and  determine  struc¬ 
tural  surface  non-homogeneities  about 
100  mkm. 

With  help  of  the  developed  unit  localization  of 
deformations  during  uniaxial  tension  were  inves¬ 
tigated. 

Samples  from  steel  45  were  tested.  They  were 
tested  for  tension  up  to  the  necessary  deformation 
degree.  Then  they  were  removed  from  the  tensile- 
testing  machine,  topology  of  the  electron  work 
function  was  registered  along  the  sample  surface; 
after  that  tests  were  continued  until  breaking  of 
the  sample. 
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In  Fig.  2  you  can  see  some  results  of  the  investi¬ 
gations  presented. 

The  investigations  showed  minor  changes  in  to¬ 
pology  of  the  electron  work  function  on  the  sur¬ 
face  of  a  sample  not  subjected  to  deformation.  At 
deformation  of  1 .6%  (Fig.  2a)  some  spread  of  the 
electron  work  function  v/as  observed,  which,  most 
likely,  was  caused  by  non-homogeneous  distribu¬ 
tion  of  defects  on  the  material  surface  at  such  a 
deformation.  Increasing  of  deformation  causes 
some  smoothing  out  of  the  electron  work  function 
distribution  on  the  surface  and  formation  of  an 
area  with  low  electron  work  function  within  the 
breaking  area  (Fig.  2b). 


This  device  enables  to  carry  out  investigations  of 
material  corrosion,  including  determination  of  lo¬ 
cal  corrosion  areas,  investigate  adsorption  proc¬ 
esses  on  metals  and  semi-conductors,  and  esti¬ 
mate  homogeneity  of  precision  surfaces  of  metals 
and  semi-conductors  and  also  coatings. 
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a)  b  =  1.7% 

b)  before  destruction 


Figure  2.  Topology  of  the  surface  electron  work 
function  during  uniaxial  tension  for  Ct  45  (areas 
of  lower  electron  work  function  are  showed  with 
arrows)  a)  s  =  1.7%;  b)  before  destruction. 
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THE  INVESTIGATION  OF  FERROELECTRIC  MATERIALS 
BY  RADIOSPECTROSCOPY  METHODS 

Bykov  I.P.,  Glinchuk  M.D.,  Laguta  V.V.,  Slipenyuk  A.M.,  Yurchenko  L.P. 

I.N.  Frantsevich  Institute  for  Problems  of  Materials  Science,  NASc  of  Ukraine,  Kiev,  Ukraine 


1 .  In  recent  years  radiospectroscopy  methods 
(ESR,  NMR)  have  been  widely  and  successfully 
applied  for  the  study  of  solid  state  materials  in 
which  structural  phase  transitions  take  place.  This 
is  related  to  the  fact  that  these  methods  permit  to 
obtain  information  both  about  macroscopic  and 
local  properties  of  materials.  In  many  cases  it  is 
possible  to  obtain  the  unique  information  upon  the 
mechanisms  of  phase  transitions  and  upon  the 
changes  of  the  properties  related  to  these  transi¬ 
tions.  Traditional  radiospectroscopy  methods 
make  it  possible  to  obtain  information  about  the 
symmetry  of  crystalline  fields,  the  frequencies  of 
the  lattice  vibrational  spectra,  the  spin-phonon 
interaction,  times  of  spin-lattice  relaxation,  the 
internal  field  created  by  defects,  the  structure  and 
dynamics  of  impurities  and  so  on.  As  a  result  it  is 
possible  to  make  conclusions  about  the  changes  of 
symmetry  and  about  the  values  of  atomic  dis¬ 
placements  at  phase  transitions,  to  define  the  tem¬ 
peratures  of  phase  transitions  Tc  (this  is  important, 
for  example,  for  the  high-temperature  phase  tran¬ 
sitions,  where  the  traditional  dielectric  methods 
are  insufficient),  to  define  the  value  and  tempera¬ 
ture  dependencies  of  the  order  parameter.  The  last 
point  in  particular  is  related  to  the  fact  that  the 
crystalline  field  constants,  which  are  defined  by 
the  position  of  the  resonance  lines  at  T  <  Tc,  are 
functions  of  the  order  parameter  and  this  is  why 
they  have  some  specific  temperature  dependence. 

In  what  follows  for  sake  of  illustration  we 
shall  represent  a  brief  review  of  physical  informa¬ 
tion  we  obtained  on  investigation  of  ferroelectric 
materials  by  ESR  method. 

2.  Incipient  ferroelectrics  (KTa03,  SrTi03) 
properties  are  extremely  sensitive  to  defects  and 
impurities,  which  can  even  induce  ferroelectric 
phase  transition.  Because  of  this  much  attention 
was  paid  to  these  materials  investigation  by  ESR 
method.  Since  the  external  factors  like  the  an¬ 
nealing  in  different  gas  atmospheres,  illumination 
by  light  etc.  change  the  defect  structure  of  the 
solids  (see  e.g.  [1]),  we  performed  ESR  investiga¬ 
tion  of  incipient  ferroelectric  KTa03  under  these 
external  factors  influence  [2,3]  as  well  as  nomi¬ 
nally  pure  KTa03  [4],  where  several  unavoidable 
impurities  were  discovered  as  one  can  see  below. 


The  ESR  investigation  of  nominally  pure 
KTa03  [4]  was  carried  out  at  4,2  K  <  T  <  77  K. 
Two  ESR  spectra  were  observed  for  the  first  time. 
The  first  spectrum  with  cubic  symmetry  was 
shown  to  be  that  of  Gd3+  substituted  for  K+ 
(Fig  l).  The  analysis  of  the  spectrum  line  intensi¬ 
ties 'and  widths  gave  no  evidence  about  the  guasi- 
static  displacements  of  tantalum  ions  in  the  lattice 
assumed  earlier.  The  second  spectrum  had  axial 
symmetry  and  its  source  was  identified  as  a  new 
off-center  impurity  ion  Fe+  substituted  for  K+  in 
KTa03.  The  surrounding  oxygen  ion  displace¬ 
ments  were  shown  to  be  the  main  reason  for  the 
Fe+  ESR  spectra  axiality.  The  estimation  of  these 
displacements  Ax  was  carried  out  in  the  frame¬ 
work  of  crystalline-field  theory  and  appeared  to 
be  about  0,2  A. 


magnetic  field  [mT] 

Fig.  1 .  The  Gd3+  ESR  spectrum  in  nominally  pure  KTa03 

3.  The  investigation  of  SrTi03:  Ca,  Cr, 
PbZr0  58Tio4203  and  PbTi03  ferroelectric  films  on 
the  substrate  of  A1203  and  MgO  single  crystals 
respectively  was  performed  by  ESR  method  [5], 
Study  of  the  SrTi03  films  with  the  thickness  h  = 
17000  A  and  3500  A  doped  by  0,1  %  Cr  and  0,2  % 
Ca  was  carried  out  at  T  =  18  K  with  and  without 
illumination  of  ultraviolet  light  (k  -  365  nm). 
Analysis  of  the  observed  spectra  (fig.2)  had 
shown  that  there  were  two  CF+  ESR  lines  with  g- 
factors  1,977  and  1,974  in  the  thick  film  whereas 
in  thin  film  there  was  line  with  g  -  1,974  with 
liigher  intensity  than  that  in  thick  film.  Calcula¬ 
tions  lead  to  the  conclusion  that  the  line  with 
smaller  g- factor  belongs  to  Cr3*  centers  nearby 
films  surface.  Small  intensity  line  with  g  =  2,002 
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revealed  in  the  films  most  probably  belongs  to  O 
center.  Its  intensity  increases  after  illumination, 
but  it  conserves  even  without  illumination  con¬ 
trary  to  the  bulk  samples.  ESR  spectra  of  PZT  and 
PT  films  were  recorded  at  T  =  77  K  and  300  K  for 
different  orientations  of  magnetic  field.  Analysis 
have  shown  that  the  spectra  origin  is  Cr,  Mn,  V 
and  Fe  impurity  ions. 


Fig.  2.  ESR  spectra  of  SrTi03'.Ca,Cr  on  AI2O3  thick  film 
before  (a)  and  after  (b)  illumination  at  18  K  (strange  line); 
dashed  line  -  separated  lines  of  spectra 

4.  Investigations  of  impurity  centers,  electri¬ 
cal  resistivity  and  microstructure  of  BaTiC>3  ce¬ 
ramics  doped  with  rare-earth  ions  Y,  La,  Nd,  Sm, 
Dy  and  Lu  at  concentrations  x  =  0,001-0,005  were 
carried  out  [6],  Electron  paramagnetic  resonance. 
X-ray  diffraction  and  electron  microscopy  were 
used  for  measurements.  The  most  intensive  ESR 
lines  were  shown  to  belong  to  paramagnetic  com¬ 
plexes  Fe3+-V0  and  Ti3+-Ln3+  (Ln  is  rare-earth  ion, 
V0  is  oxygen  vacancy)  (fig.3).  A  change  in  sym¬ 
metry  of  the  center  Fe3+-V0  at  the  transition  tem¬ 
perature  from  the  ferroelectric  to  paraelectric 
phase  has  been  revealed  for  the  first  time.  Meas¬ 
urements  of  the  dependence  of  ESR  line  intensi¬ 
ties  and  electrical  resistivity  on  rare-earth  ion  con¬ 
centrations  were  performed. 

The  observed  correlation  in  their  behaviour 
showed  an  essential  role  of  the  identified  par¬ 
amagnetic  complexes  in  the  appearance  of  BaTi03 


ceramic  semiconducting  properties  and  the  posi¬ 
tive  temperature  coefficient  of  resistance  effect. 
The  latter  effect  was  at  a  maximum  for  x<xc 
where  xc  «  0,002-0,003  is  the  critical  rare-earth 
ion  concentration  which  determines  the  excess 
charge  compensation  mechanism. 


Fig.  3.  EPR  spectra  of  pure  BaTiOj  ceramic  (a)  and  BaTi03 
ceramic  doped  by  0,001  Lu  (b),  0,001  La  (c),  0,001  Dy  (d), 
0,002  Sm  (e);  7’=  20  °C 

Up  to  xe,  rare  earths  investigated  (exept  for 
the  small  ion  Lu),  substitute  for  barium,  and  the 
main  compensation  mechanism  is  an  electronic 
mechanism.  At  high  concentrations  (x  >  xc)  in  the 
case  of  large  ions  (e.g.  La)  substitution  is  at  bar¬ 
ium  sites  with  the  creation  of  titanium  vacancies, 
whereas  intermediate  ions  (e.g.  Y)  begin  to  sub¬ 
stitute  for  titanium. 
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ATOMIC  FORCE  MICROSCOPY  OF  THICK  FILM  RESISTORS  ON  THE 

BASE  OF  METAL  BORIDES 

Paustovsky  A.V.,  Rud'  B.M.,  Shelud  ko  V.E..  Tel'nikov  E.Ya.,  Tsukruk  V.V.(,),  Luzinov  I.A.(,) 

Frantsevich  Institute  for  Problems  of  Material  Science,  NAS  of  Ukraine,  Kiev,  Ukraine 

(1)Iowa  State  University,  Ames,  USA 


The  thick  film  technology  of  making  of  dielectric 
and  conducting  layers  on  the  substrates  is  widely 
used  in  the  microelectronics.  In  this  way  the  thick 
film  resistors  (TFR)  on  the  base  of  high-melting 
compounds,  namely,  borides  of  rare-earth  and 
transition  metals  are  produced.  The  electrophysical 
properties  of  TFR  depend  on  many  factors,  such  as 
surface  morphology,  structure,  and  phase 
constitution  of  the  functional  phase  etc.  By  acting 
of  high-energy  fluxes  (laser  irradiation,  plasma, 
electron  beam,  induction  heating)  on  the 
mentioned  factors  one  can  change  electrical 
resistance,  temperature  coefficient  of  resistance 
(TCR)  and  other  resistor  characteristics. 

The  TFRs  on  the  base  of  Ni3B,  BaB6  borides  and 
glass-binder  were  adopted  as  the  objects  for 
investigation.  The  making  of  TFRs  was  realized 
with  the  method  of  paste  mask  printing  on  the 
dielectric  22XC  or  BK94  substrates  followed  by  the 
heat  treatment  in  the  travelling  II3K-8  oven.  The 
specimens  were  processed  with  “ Keanm-15 ”  laser 
in  the  following  regime:  A  =  1.06  /.an.  E  =  1-2  J,  r 
=  4  ms,  0s  1  mm.  Nanoscope  Digital  Instruments 
D3000  Atomic  Force  Microscopy  was  used  to 
characterize  in  tapping  mode  the  TFR  surface 
before  and  after  the  laser  treatment. 

The  principle  of  investigating  of  the  local 
microcharacteristics  of  the  solid  bodies  surface 
with  the  aid  of  AFM  consists  in  detecting 
molecular  forces  (  Van  der  Waals'  interactions) 
originating  between  the  surface  in  study  and  the 
probe  point  -  “tip”  which  is  brought  near  it  at  a 
distance  of  1-10  A  [1]  (  Fig.l.).  Unlike  Scanning 
Tunnel  Microscopy  (STM),  AFM  allows  to  study 
the  surface  microrelief  not  only  conductors  but 
also  dielectrics.  AFM  working  occurs  in  the 
contact  (between  the  scanning  point  and  specimen 
surface)  regime  and  non-contact  one.  Their 
combination  forms  so-called  “tap  regime”- 
tapping  mode  (Fig. 2.).  In  scanning  of  the  specimen 
(the  point  moves  over  the  surface  or  the  specimen 
moves  under  the  fixed  point)  AFM  detects  the 
probe  point  deviation  (“height  recording”).  By  this 
means  the  data  on  the  surface  relief  form.  In 
detecting  amplitude  or  cantilever  oscillation 


frequency  one  can  obtain  the  distribution  of 
mechanical  properties  on  the  specimen  surface 
with  the  recording  of  the  so-called  “phase  contrast 
image”. 


Fig.l.  General  scheme  of  AFM  instrumentation 


OSCILLATING  FO ROE 


DYNAMIC  MODE 
(NON-CONTACT) 
TAPPING 


Fig. 2.  The  tapping  mode  regime 

To  do  this,  in  the  measuring  cantilever  of  AFM 
working  in  dynamic  regime,  or  in  the  specimen, 
the  forced  oscillations  are  modulated.  Their 
frequency  changes  in  accordance  with  the  elastic 
properties  of  the  scanned  surface  area.  The  value 
of  the  phase  angle  <f>  of  the  cantilever  free 
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oscillations  can  be  recorded  (in  radians)  as  a 
function  of  the  frequency  of  oscillations  or. 


</>=tg 


ma>o)0 


II  ’ 
-moo  ) 


(1) 


where  k  -  a  constant  of  rigidity;  m  -  cantilever 
mass;  Q  -  figure  of  merit,  Q  =  kHjnfJ)  where  p  - 
friction  factor;  co0  -  the  resonance  frequency  of 

oscillations,  k  =  ma>l . 


The  phase  angle  <fn  for  oscillations  at  the  resonance 
frequency  co0  is  determined  by  the  expression: 


kQ°  J 


(2) 


where  a  is  the  sum  of  the  force  derivatives  for  all 
the  forces  F-,  affecting  the  cantilever: 


a^SFJdZ 


(3) 


Here  Z  is  the  displacement  of  the  tip  relative  to  the 
specimen. 

In  recording  phase  shift  between  the  free  and  real 
frequency  of  the  tip  oscillations,  when  contacted  to 
the  specimen,  the  phase  contrast  image  is  formed 

(Fig-3)- 


•  150.0  deg 


Digit#]  Instruments  NanoScope 
Scan  size  2.000  dm 

Scan  rate  1.001  Hz 

Number  of  samples  25o 


iflnig.OSO 

Fig.  3:  top -  topography  image  of  Mp3-based  TFR 
bottom -  phase  contrast  im  age  of  mentioned  TFR 

It  presents  the  change  in  the  rigidity  of  the  surface 
layers  within  the  area  in  study,  that  is  defined  as: 


where  s  -  a  constant  depending  on  the  tip  shape, 
s  =  2  for  the  sphere;  (a)  -  radius  of  a  round  contact 
spot;  E  -  the  effective  modulus  of  elasticity. 

In  order  to  estimate  the  surface  microrelief  it's 
convenient  to  draw  the  section  at  different 
directions.  For  example,  the  initial  surface  cross- 
section  analysis  shows  that  the  degree  of  roughness 
is  Rz  =  32.82  nm.  After  irradiating  with  the  energy 
E  =  1  J  the  areas  with  the  different  roughness  (from 
Rz  —  6.64  nm  to  Rz  =  13.77-30.81  nm)  form  at  the 
surface.  With  increasing  energy  to  2  J  the  degree  of 
roughness  rises  to  67.73  nm. 

The  distribution  of  the  surface  mechanical 
properties  (rigidity)  is  studied  using  the  combined 
image  “topography  +  phase  contrast”  by  means  of 
SurfSoft  software. 


Fig.4.  Profile  sections  for  topography  and  phase 
contrast  image  for  (Ni3B  +  BaB6 )  -  based  TFR 

Shown  in  Fig.  4  are  the  diagonal  sections  of 
topography  and  phase  contrast  of  the  surface  area 
of  (Mjfi  +  BaBf)  -  based  TFR  before  radiating. 
Attention  is  drawn  to  the  fact  that  the  more  or  less 
regular  alternation  of  the  areas  with  the  high 
rigidity  (the  areas  with  the  enhanced  concentration 
of  borides  and  metallic  nickel)  occurs  at  the  site 
from  1092.5  nm  to  1403.1  nm.  Between  these  sites, 
the  less  rigid  amorphous  glass-binder  phase  is 
located.  Using  the  data  one  can  estimate  the 
thickness  of  the  dielectric  layer  between  the  areas 
with  the  functional  phase. 

The  same  analysis  is  carried  out  for  the  TFR  on  the 
base  of  Ni3B  and  glass-binder. 
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AUTOMATIC  DEVICE  FOR  DETERMINATION  OF  POWDER 
FLOWABILITY  AND  CALIBRATION  OF  FUNNELS 
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I.N.Frantsevitch  Institute  for  Problems  of  Material  Science,  National  Academy  of  Science  of 
Ukraine,  str.  Krguganovskogo  3,  Kiev,  03142  Ukraine 


The  device  is  developed  and  is  introduced  in  I.  N. 
Frantsevitch  Institute  for  Problems  of  Material 
Science,  National  Academy  of  Science  of  Ukraine 
in  1991. 

It  is  recommended  for  application  in  scientific 
organizations  and  at  the  enterprises,  which  work  in 
the  field  of  mechanical  engineering,  in  a  particular 
in  a  direction  of  powder  metallurgy. 

In  the  countries  of  CIS  the  similar  devices  are  not 
let  out.  The  international  standard  ISO  4490-1978 
/E/  recommends  to  get  a  funnel  of  a  Hall  (without 
automatics)  and  turkish  corundum  a  powder  at 
Alcan  Metal  Powder  Inc.,  Box  290.  Elisabeth  N.  I. 
07207  U.  S.  A. 

The  automatic  device  is  based  on  single  ciystal 
computer  of  a  series  1816  with  microcircuits  of  a 
high  degree  of  integration  also  consists  of  the 
block  of  measurements,  panel  of  indication  and 
management  calibrated  funnel  with  the  optical- 
and-electronic  gauge.  The  device  is  intended  for 
definition  of  time  of  the  expiration  metal  and  not 
metal  powders,  which  freely  flow  through  the 
calibrated  test  -  aperture  of  a  funnel,  and  also  for 
calibration  of  funnels  in  a  manual  mode  according 
to  the  international  standard  ISO  4490-1978  /E  /, 
and  in  an  automatic  mode  agrees  TOCT  20899-98, 
which  was  entered  at  reconsideration  TOCT 
20899-75. 

The  results  of  measurement  after  their  processing 
and  serial  number  of  measurement  are  deduced  on 
a  digital  electronic  panel. 

Technical  Characteristics  of  the  Devise 
(Automatic  Mode  of  Operation) 

-  accuracy  of  measurement  of  flow  time  +0,02  s; 

-  discreteness  of  time  read-out  -  0,01  s; 

-  maximum  value  of  single  measurcment99,99  s; 

-  setting  range  of  funnel  correction  factor: 

0,98+1,10 

with  discreteness  of  0,001 ; 


-  automatic  seoe  exception  of  results  of  measure¬ 

ment  of  pauses  from  possible  breaks  of  a  jet  of  a 
powder  by  duration,  s:  up  to  0,1; 

-  the  distribution  of  a  sound  signal  in  case  a 
difference  between  the  greatest  and  least  meaning 
in  a  mode  of  three  and  five-multiple  measurements 


will  exceed,  c:  0,3; 

-  feed  from  a  network  of  an  alternating  current,  B: 

220; 

-  power  consumption,  W,  no  more:  20; 

-  overall  dimensions,  mm:  190  X  180  X  150: 

-weight,  kg:  10; 

-  climatic  conditions  of  operation: 

-  temperature,  .°C  15-35; 

-  humidity,  %,  no  more  than  86; 


-automatic  introduction  of  factor  corrections  of  a 
funnel  in  all  modes  of  measurement; 

-  automatic  calculation  average  arithmetic  in  a 
mode  of  three  and  five-multiple  measurement. 

Principle  of  work 

Researched  powder,  following  from  calibrated  of 
an  aperture  of  a  funnel  the  operation  causes  the 
gauge,  which  includes  an  electronic  stop  watch  of 
the  block  of  measurement.  Upon  termination  of  the 
expiration  the  test  -  portion  of  a  powder  on  a  panel 
is  deduced  time  of  the  expiration  in  view  of  factor 
of  correction  and  serial  number  of  measurement. 

Modes  of  Operation  of  Measuring  Unit 

-  testing  system; 

-  initial  setting  (reset); 

-  setting  of  funnel  correction  factor: 

-  single  measurement; 

-  3  measurements  cycle  with  computation  of 
arithmetic  mean  value; 

-  cycle  from  five  measurements  with  calculation  of 
average  arithmetic  meaning; 

-  control  of  clock  pulse  generator. 

Algorithm  of  functioning  of  the  block  at  various 
modes  robots 

a)  The  mode  of  initial  installation  is  intended  for 
reduction  of  the  device  in  an  initial  condition  after 
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inclusion  in  a  network,  after  realization  of  any 
procedures  of  measurement  or  after  a  manipulation 
by  the  button  "CORRECTION"  and  By  the  switch 
"MODE",  by  whipping  off  of  any  results  of 
measurements. 

b)  The  mode  of  installation  of  factor  of  correction 
is  intended  for  introduction  correction  factor  of 
correction  of  a  funnel,  by  installation  of  concrete 
importance  at  its  cyclic  updating  with  step-type 
behaviour  0,01  on  the  indicator. 

c)  The  mode  of  individual  measurement  is 
intended  for  realization  of  control  gaugings,  by 
translation  of  the  device  by  the  toggle  -  switch  in  a 
mode  "1"  and  pressing  of  the  button  "  INITIAL 
INSTALLATION  ".  The  mode  is  included  at  the 
moment  of  operation  of  the  maCio-electronic 
gauge.  On  the  indicator  the  result  of  measurement 
is  fixed  in  view  of  processing  and  serial  number  of 
gauging. 

In  final  result  of  measurement  the  casual  pauses  by 
size  up  to  0.1  with.  Quantity  of  possible  casual 
pauses  during  one  measurement  are  not  taken  into 
account  do  not  regulate.  A  pause  by  size  more  than 
0,1  with  should  to  be  regarded  as  the  end  of  the 
previous  measurement 

d)  The  mode  of  three  measurements  with 
calculation  of  average  arithmetic  meaning  intended 
for  averaging  the  received  meanings,  and  the 
algorithm  of  work  of  the  block  and  technique  of 
definition  of  result  in  each  of  three  individual 
measurements  completely  corresponds  to  a  mode 
of  individual  measurement.  The  mode  is  started  at 
the  moment  of  operation  of  the  optic-electronic 
gauge.  The  measurements  follow  continuously  one 
after  another  with  subsequent  of  result  of 
measurements.  The  procedure  of  calculation  of 
final  result  is  started  through  3-4  with  the 
ambassador  of  end  of  last  specific  cycle  of 
measurements.  The  algorithm  of  work  of  the  block 
and  technique  of  definition  of  result  in  each  of 
three  individual  measurements  of  a  cycle 
completely  con'esponds  to  a  mode  of  individual 
measurement. 


Lax:  38  (044)  516  8519,  (044)  444  5613 


e)  The  mode  of  five  measurements  with  calculation 
of  average  arithmetic  importance  intended  for 
averaging  the  received  importance,  and  the 
algorithm  of  work  of  the  block  and  technique  of 
definition  of  result  in  each  of  five  individual 
measurements  completely  corresponds  to  a  mode 
of  individual  measurement.  The  mode  is  started  at 
the  moment  of  operation  of  the  optic-electronic 
gauge.  The  measurements  follow  continuously  one 
after  another  with  the  subsequent  procedure  of 
calculation  of  final  result  of  measurements.  The 
procedure  of  calculation  of  final  result  is  started 
through  3-4  with  the  ambassador  of  end  of  last 
specific  cycle  of  measurements.  Algorithm  of  work 
of  the  block  and  technique  of  definition  of  result 
are  similar  to  a  mode  of  three  measurements. 

f)  The  verification  mode  is  intended  for  testing 
system  by  submission  on  a  control  socket  of 
control  frequency  of  the  clock  generator  of  the 
block,  at  this  procedure  of  measurement  will  not  be 
carried  out. 

Complete  Set 

The  complete  set  includes  the  devise  with  certified 
funnel  and  60  gms  weight  corundum  mounting  for 
periodic  funnel  calibration 
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PECULIARITIES  OF  THE  ELECTRON  SPECTRUM  FOR  ZrxHfl  xV2 

Nemoshkalenko  V.V.,  Shevchenko  A.  D. 

G.V.Kurdyumov  Institute  for  Metal  Physics,  N.A.S.  of  the  Ukraine, 

36  Academician  Vernadsky  Blvd.,  UA-03680  Kyyiv- 142,  Ukraine 


Abstract 

In  the  temperature  range  of  4,2 — 300  K  on  the 
polycrysta!  ZrxHf|.xV2  with  superconducting 
transition  temperature  Tc  =  10  K  the  magnetic 
susceptibilities  y  and  X-ray  fluorescent  emissive 
VKp2,5  —  spectra  there  were  investigated. 
Anamalous  dependences  y  was  discovered 
below  1 50  K  that  may  be  explained  by  decrease 
in  the  electron  states  density  at  the  Fermi  level 
N(E|--).  The  presence  of  regions  with  localised 
electron  density  in  the  investigated  compounds 
on  the  low-energy  side  of  the  vanadium 
emission  spectrum  at  low  temperatures  (T=  10 
K)  indicates  an  essential  rebuilding  in  the 
electron  spectrum  of  valence  electrons. 

Introduction 

Temaiy  superconducting  compounds  ZrNHfi-xV2 
(Tc=10  K)  are  of  great  interest  for  applied 
superconductivity  due  to  the  presence  in  them 
the  promising  combination  of  such  properties  as 
the  high  current-carrying  capacity  and  radiation 
steady.  Besides,  the  change  of  a  crystal  structure 
type  occur  in  these  compounds  at  temperatures 
~1 00  K  considerably  exceeding  the  temperature 
of  the  superconductivity  (Tc  s  10  K):  the  cubic 
high  temperature  symmetry  decreases  to  tire 
rhombohedral  one  for  x>0,45  or  to  the 
orthorhombic  one  for  x  <  0,4.  The  present  work  is 
dedicated  to  the  investigation  in  ZrxHfi.xV2 
system  in  the  temperature  range  4,2  —  300  K  of 
tire  magnetic  susceptibility  y  and  also  to  the  X- 
ray  emission  fluorescent  VKp.2,5  —  spectra  to 
examine  the  changes  occuring  in  tire  electron 
spectram  with  the  change  of  the  temaiy  system 
composition  and  the  temperature. 

Procedure  experimental 

The  y  measurement  was  carried  out  by  means  of 
the  Faraday  relative  method  on  an  electron  micro¬ 
balance  with  automatic  compensation  on  the  set¬ 
up  previously  described  by  us  [1],  The  set-up 
sensitivity  in  the  magnetic  field  with  me 
H=7,0  koE  intensity  (on  the  area,  where 
H  dH/dZ=14  mm)  w'as  -  3x10'^  cm^  g-1,  which 
made  it  possible  to  carry  out  the  measurements  at 
the  samples  with  a  milligram  unit  weight.  The 
measuring  error  did  not  thereby  exceed  1%.  In  the 


samples  under  study  the  y  did  not  depend  on  the 
magnetic  field  intensity  in  all  the  investigated 
temperature  range  (Tc  -  300)  K,  which  indicates 
the  absence  of  the  impurities  with  a  large  magnetic 
(ferro-or  antiferro-)  order  in  the  given  samples. 

The  X-ray  fluorescent  emission  K-spectra  were 
obtained  on  the  spectrograph,  constructed  on  the 
base  of  the  well-known  long-wave  spectrograph. 
Our  spectrograph  has  two  distinctive  properties: 

(1)  the  X-ray  spectrograph  and  the  helium  ciyoctat,  on 
which  the  investigated  sample  is  fixed,  are  aligned; 

(2)  the  sealed  X-ray  tube  and  the  system  of  the  X- 
ray  screens  (nitric  and  helium  ones)  allowing  to 
provide  the  secure  thermal  insulation  of  the 
sample  without  an  attenuation  of  the  X-radiation 
were  uaed  as  the  X-ray  source. 

The  applied  method  has  allowed  to  investigate 
the  object  ranging  from  the  room  temperature  to 
that  of  the  liquid  helium.  Quartz  [the  plane  (101 
0]  was  used  as  a  crystal-analyser.  The  operating 
conditions  of  the  X-ray  tube  were  40  kV,  85  mA. 

The  vacuum  in  the  operating  volume  was  1  x  1 0-5 
— 5x1  O^’  torr.  The  emission  spectra  were  obtained 
with  the  resolving  power  beiog  nofworse  than 
0.16  eV. 

Results  and  discussion 

Figure  1  gives  the  temperature  dependence  of 
X(T)=  Xlat+Xd(T)  for  ZrVQ,  where  yjat  are  the 
Van  Vleck  orbital  paramagnetic  and  Larmorr 
precision  diamagnetic  contributions  into  the 
magnetic  susceptibilities  of  the  crystal  lattice 
which  is  paramagnetic  and  does  not  depend  on 
temperature,  and  yj,  is  the  spin  paramagnetic 
magnetic  susceptibilities  of  d  -  electrons 
proportional  to  N(Ep)  [2],  A  decrease  in  y  value 
with  the  temperature  lowering  at  T<Tm  =135  K 
indicates  that  N(Ep)  decreases.The  substitution  of 
hafnium  by  zirconium  causes  the  decrease  in  the 
size  of  the  anomaly  in  y(T)  (Fig.2).  At  this  time 
even  the  temperature  dependence  sign  y  changes 
within  the  low  temperature  range.  Figure  3  gives  y  in 
ZrxHfi-xV2  versus  composition  at  10  K.  As  it  is 
seen  from  the  plots,  y  passes  through  the 
maximum  with  the  change  ZrxHfi_xV2 
composition  for  x=0,6.  As  it  was  mentioned 
above,  the  diminution  of  y  with  temperature 
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decrease  at  T  <  Tm  indicates  the  diminution  of 
N(Ep).  Then  the  increase  in  x  with  the  growth  of 
zirconium  content  in  the  HfV2  -  ZrV2  system  is 
caused  by  the  increase  in  N(Ep). 


Fig.l.  Magnetic  susceptibility  vs.temperature  for  ZrV2. 


Fig.  2.  Magnetic  susceptibility  vs.  temperature  for 
Zra6IIf04V2. 


Fig.3.  Magnetic  susceptibility  vs.temperature  for 
ZrxHf|_xV2at  10  K. 

The  study  of  the  effect  of  the  crystal  lattice 
symmetry  lowering  upon  the  electron  spectrum 
of  valence  electrons  was  of  some  interest 
Towards  this  end  the  X-ray  flourescent  emission 
K-spectra  of  vanadium  were  investigated  in 
ZrxHfi.xV2  system.  The  obtained  spectra  of  pure 
vanadium  and  vanadium  in  ZrV2.  Zro.6Hfo.4V2 
are  given  in  Fig.  4  while  their  main  parameters 
are  given  in  Table.  The  main  maximum  position 
of  the  Kf^.s-spectrum  of  pure  vanadium  was 
conditionally  adopted  as  a  zero  reading  of  the 
energy.  The  spectral  line  intensity  is  given  in 
relative  units  (Fig.  4).  The  K-spectra  of  pure 
vanadium  and  vanadium  in  ZrV2  and 
Zro.6Hfo.4V2  Laves  phases  were  studied  at  10,97 
and  300  K. 


Kp2  5-emission  spectrum  of  metallic  vanadium, 
which  reflects  the  electron  state  distribution  of  d- 
and  partially  of  asymmetry  in  the  crystal  valence 
zone  has  been  well  studied  in  the  works  of  many 
authors,  Its  form  and  the  main  parameters  at  300  K 
are  given  in  Fig.  4  and  in  Table. 


Fig.  4.  X-ray  fluorescent  emission  Kp25-spectra  of 
vanadium  in  Zr06Hfa4V2  and  to  metallic  vanadium. 

Remelting  vanadium  with  zirconium  being  an 
element  of  the  second  transition  period  with  the 
formation  of  ZrV2  Laves  phase  does  not  lead  to 
the  essential  changes  of  the  spectral  line  main 
parameters  at  300  K.  The  electron  distribution 
over  the  valence  zone  in  vanadium  atom 
vicinity  by  character  of  the  intensity  distribution 
in  the  density  of  state  curve  is  well  as  by  its 
energetic  extent  remains  practically  the  same  as 
in  pure  vanadium.  The  energetic  position  of  the 
emission  spectrum  main  maximum  within  the 
limits  of  the  experimental  error  is  also 
unaffected.  It  follows  that  the  vanadium  electron 
structure  under  the  formation  of  ZrV2)  changes 
unessentially  at  300  K.  The  data  of  xCO 
dependence  obtained  on  the  vanadium  mono¬ 
crystals  also  indicate  it.  It  appeared,  that  of  pure 
vanadiun  and  ZrV2  with  in  the  range  of  300K 
are  close  in  value. 

The  temperature  decrease  in  ZrV2  to  10K  leads  to 
the  noticeable  change  of  the  spectral  line  form  in 
this  alloy.  Two  well-defined  low-energy  maxima 
make  their  appearance.  Yet  the  spectral  line 
parameter  value  changes  slightly:  some  tendency 
toward  the  decrease  in  width  and  halfvvidth  of 
the  spectrum  is  observed. 

The  formation  of  Zro.6Hfo.4V2  phase  does  not  lead 
to  the  essential  change -of  the  vanadium  spectrum 
form,  which  indicates,  that  the  distribution 
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character  of  the  electron  density  p-component  in 
the  valence  band  of  the  formed  crystal  remains 
practically  tire  same  as  with  pure  vanadium.  One 
can  observe  only  some  increase  in  the  spectral 
intensity  of  Kpos-spectrum  though  its  Integrated 
intensity  within  our  measuring  accuracy  remains 
unaffected.  The  decrease  in  the  emission 
spectrum  width  to  the  base  as  well  as  at  one  half 
the  maximum  intensity  is  simultaneously 
observed.  The  emission  spectrum  width  on  the 
base  was  measured  from  the  point  of  the  Itoe 
short-wave  bend,  conditionally  adopted  as  die 
Fermi  level  position,  to  the  intersection  point  of 
the  linear  extrapolation  of  the  spectrum  low- 
energy  branch  with  the  hum  level. 


Table  The  main  parameters  of  spectral  line  forZrJHtyV, 


Parameter 

T,K 

IKfos 

IKp, 

(integral 

IKP, 

maximal 

LK&J 

IKp, 

(at  the 
ermi  level 

AE 

(cV) 

AEw 

(eV) 

V(met.) 

300 

1.00 

1.00 

1.00 

6.4 

4.0 

Z.rV2 

300 

0.95 

1.00 

1.06 

6.1 

3.7 

ZrV2 

10 

0.90 

1.02 

1.00 

6.1 

3.6 

ZrosHfoiV 

300 

1.05 

1.18 

1.18 

5.9 

3.5 

ZrofcHfo^V 

97 

0.91 

1.02 

1.05 

7.0 

4.1 

ZrasHfojV 

10 

1.27 

1.27 

1.54 

6.4 

3.6 

Error: 

±  1 

±0.10 

±0.10 

±0.20 

±0.4 

±0.2 

The  emission  spectrum  width  at  one  half  the 
maximum  intensity  has  not  a  definite  physical  sense 
but  being  defined  with  higher  accuracy,  it  permits  to 
fix  more  confidently  the  general  trend  towards  the 
increase  or  decrease  in  the  width  of  the  filled  part  of 
the  crystal  valence  zone.  Invariability  at  300  K  of  the 
spectral  line  integral  intensity  in  Zro.6Hfo.4V2  at 
some  decreases  of  its  width  indicates,  that  the  density 
of  fining  of  the  crystal  valence  spectrum  in  the 
vicinity  of  vanadium  atoms  practically  remains 
unaffected  and  only  its  localization  degree  slightly 
increases,  that  is  probably  conditioned  by  the  increase 
in  distance  between  vanadium  atoms  in  the  lattice 
and  their  bond  weakening. 

Cooling  of  Zro.6Hfo.4V2,  to  the  temperature  of 
liquid  nitrogen  though  does  not  lead  to  the 
essential  change  in  the  spectral  line  main 
parameters  (width,  halfwidth,  spectral  and 
integrated  intensity),  but  it  is  followed  by  the 
noticeable  change  in  the  emission  spectrum 
form,  manifesting  itself  in  the  ’’smearing1  of  the 
main  maximum  and  in  the  increase  of  the 
distance  between  the  latter  and  low-energy 
maximum.  The  observed  in  the  character  of  the 
electron  density  distribution  in  the  valence  band 
is  most  likely  conditioned  by  the  stacking 


process  of  the  structural  re-arrangement  of  a 
crystal  at  97  K. 

The  subsequent  cooling  of  Zro.6Hfo.4V2  alloy  to  ' 
8K  is  primarily  accompanied  by  the  drastic 
change  in  the  spectrum  form:  the  ranges  of 
distinct  localization  develop  in  the  electron 
density  distribution  as  well  as  in  the  case  of 
ZrVty  The  presence  of  the  localization  in  the 
valence  electron  distribution  of  p-symmetry  in 
the  vicinity  of  vanadium  atoms  may  be 
connected  with  the  splitting  of  p-states  by  a 
crystalline  field  with  lower  symmetry  which  arises 
frorn  the  structural  transition  at  T=100  K.  Such  an 
effect  was  experimentally  observed  for  example, 
under  the  electron-paramagnetic  resonance  study 
in  the  compounds  on  the  transition  metal  base  and 
described  in  [3].  It  should  be  noticed,  that  the  marked 
bend  is  observed  on  Zro.6Hfo.4V2  emission 
spectrum  part  which  reflects  the  electron  distribution 
in  the  range  of  the  Fermi  level.  The  appearance  of 
this  bend  may  be  caused  by  the  energy  gap  formation 
during  transition  of  the  alloy  into  a 

superconducting  state.  Also  the  spectral  line 
main  parameters  significantly  change  for 
Zro6Hfo4V2  ternary  system  in  comparison  with 
ZrV2  (Table).  A  considerable  increase  in  the 
integral  as  well  as  in  spectral  intensity  of  the 
emission  spectrum  is  observed  which  may 
indicate  the  electron  density  growth  in  the 
vicinity  of  vanadium  atoms.  The  relative  intensity 
of  K-spectrum  within  the  range  of  the  Fermi  level 
has  also  been  measured  and  though  this  part  of 
the  spectrum  is  the  moat  subjected  to  the  effect  of 
self-absorption  with  the  attendant  growth  of  the 
experimental  error,  we  managed  to  fix  a 
considerable  growth  in  the  electron  state  density 
at  the  Fermi  level.  This  result  agrees  with  the  data 
being  obtained  during  study  in  ZrxHf|.xV2  system 
at  low  temperatures  (Figs.  2  and  3). 

Conclusion 

The  temperature  dependences  of  magnetic 
susceptibility  y  and  the  X-ray  emission 
fluorescent  VKfb, 5-spectra  were  investigated  in 
the  polycrystal  ZrxHfi.xV2  with  the  temperature 
range  4,2  —  300  K.  It  is  found,  that  the  lowering  of 
the  crystal  lattice  symmetry  from  structural 
transformation  at  the  temperatures  below  110K 
leads  to  the  significant  re-arrangement  of  the 
electron  spectrum  of  valence  electrons,  namely: 
the  areas  of  the  electron  density  localization 
emerge  at  the  low  energy  part  of  the  emission 
spectrum  representing  the  valence  electron 
distribution  of  p-symmetry  in  the  vicinity  of 
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vanadium  atoms;  the  presence  of  the  localization 
areas  may  be  connected  with  the  splitting  of  p- 
states  of  the  valence  electrons  by  the-crystal  field  of 
lower  symmetry.  An  increase  in  the  state  electron 
density  at  the  Fermi  level  was  discovered  at  low 
temperatures  in  the  ternary  Laves  phases  as  compared 
to  binry  ones  owing  to  the  investigation  data  of  the 
magnetic  susceptibility  and  X-ray  fluorescent  emission 
K-spectra  of  vanadium. 
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The  depositing  of  protective  coatings  on  a  surface 
of  details  during  several  decades  is  an  effective 
method  of  increasing  their  reliability  and  durabil¬ 
ity.  The  last  achievements  in  the  field  of  coating 
deposition  are  directed  on  creation  of  unknown 
quantities  of  properties  in  a  very  thin  surface  layer. 
The  modem  concept  of  creation  of  protective  wear 
resistant  coatings  represents  by  itself  combined 
processing  of  items  with  usage  of  various  methods 
of  surface  modification  [1], 

In  the  given  work  the  structure  and  morphology  of 
the  surface  of  coatings  obtained  by  combination  of 
method  of  arc  evaporation  proces  in  vacuum  and 
processing  of  surface  in  nitrogen-hydrogen  plasma 
of  the  pulsing  discharge  was  studied.  The  polished 
surface  of  a  substrate  made  of  steel  P6M5  is  pre¬ 
coated  by  chromium  of  1  micron  thickness  using 
arc  evaporation  method.  Further  the  sample  with 
precoat  is  exposed  to  ion  nitriding  in  plasma  of 
pulsing  current.  The  last  deposited  coating  was 
CrN  of  3  microns  thickness  made  by  arc  evapora¬ 
tion  method.  The  small  thickness  of  coating  (up  to 
4  microns)  requires  high-resolution  methods  of  it 
structure  research.  The  most  informative  for  re¬ 
searching  of  structural  elements  by  a  size  less  than 
1  micron  is  an  electronic  microscopy  in  combina¬ 
tion  with  microroentgenspecral  analysis.  The  ap¬ 
plication  of  such  methods  for  researching  of 
"thick"  vacuum  coatings  is  effective  and  also  al¬ 
lows  studying  the  mechanism  of  creation  and 
change  of  structure  under  effect  of  the  operating 
conditions  [2].  The  research  of  morphology  of  thin 
coating  surface  in  scanning  electronic  microscopy 
on  stages  of  technological  process  has  allowed  to 
produce  structural  criterions  of  valuation  of  the 
surface  state  in  each  concrete  case  and  to  reveal 
changes  in  modes  of  coating  nitriding.  However 
for  research  of  structure  and  revealing  of  the 
mechanism  of  creation  of  thin  wear  resistant  coat¬ 
ings  by  scanning  electronic  microscopy  not  always 
is  enough  (Fig.  la,  c,  e). 

During  the  last  years  the  wide  development  was 
received  with  a  method  of  atomic-power  micros¬ 
copy.  This  method  with  usage  of  modes  of  topog¬ 
raphy  and  phase  contrast  allows  to  study  not  only 


morphology  of  a  surface  after  each  technological 
stage  of  creation,  but  also  to  reveal  zones  with  in¬ 
creased  micromechanical  properties  in  surface 
structure  (Fig.  lb,  d,  f). 

The  combination  of  the  image  of  transversal 
structure  of  coating  with  concentration  distribution 
curves  of  Cr,  Fe,  W,  V,  Mo  allows  to  study  char¬ 
acter  of  interaction  of  elements  in  a  diffusion  zone 
between  coating  and  basis.  The  complete  absence 
of  Fe  diffusion  from  a  basis  both  in  one-micron  Cr 
coating,  and  in  CrN  coating  in  this  case  is  proved 
practically.  In  the  same  time  insignificant  diffusion 
of  Mo  in  Cr  coating  is  observed  (Fig.  2). 

The  complex  research  of  structure  and  properties 
of  thin  wear  resistant  coatings  on  chromium  basis 
by  methods  of  atomic-power  and  scanning  elec¬ 
tronic  microscopy  with  the  microroentgenstucture 
analysis  allows  to  reveal  the  mechanism  of  crea¬ 
tion  of  such  coatings  and  to  formulate  bases  for 
development  of  the  scientific  proved  highly  effec¬ 
tive  combined  technology  of  coatings  deposition. 
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JOINING  OF  POROUS  AND  COMPACT  TITANIUM  WITH  LASER 
WELDING  AND  PLASTIC  DEFORMATION 

Savich  V.V.,  Pilinevich  L.P.,  Tumilovich  M.V.,  Tolochko  N.K.(1) 

Powder  Metallurgy  Research  Institute  of  the  NAS  of  Belarus,  Minsk,  Belarus 
(1  technical  Acoustics  Research  Institute  of  the  NAS  of  Belarus,  Vitebsk,  Belarus 


Titanium  filters  have  gained  wide  application  for 
cleaning  food  liquids,  chemical  solutions,  medical 
preparations  [1],  Porous  titanium  elements  are  used 
as  parts  of  surgical  implants  [2],  These  parts  often 
look  like  built-in  constructions,  consisting  of  po¬ 
rous  elements  and  different  main  and  auxiliary 
parts  (flanges,  connecting  pipes,  etc.).  As  a  rule, 
they  use  welding  for  their  assembling.  But  con¬ 
ventional  methods  of  argon  and  electron-beam 
welding  of  titanium,  which  are  widely  used  in  air¬ 
craft  and  space  industries  [3,  4]  for  welding  of  po¬ 
rous  parts  do  not  provide  necessary  quality  of 
welded  joints. 

The  present  paper  modes  of  laser  welding  and  con¬ 
ditions  of  preliminary  preparation  of  joint  surfaces, 
influencing  quality  of  a  weld  during  their  welding 
porous  parts  produced  from  technically  pure  tita¬ 
nium  powder  IITX2-1  with  parts  from  compact 
technically  pure  titanium  BT1-0  are  studied. 

In  a  sheet  of  compact  titanium  there  was  cut  out  a 
hole  with  diameter  0185  mm  in  which  there  was 
tightly  inserted  a  porous  disc  of  the  same  diameter. 
These  parts  were  welded  by  laser  along  the  joint 
perimeter. 

Impulse  Nd:YAG  laser  (k=T.06  pm)  was  used  as  a 
source  of  laser  radiation.  The  best  quality  of 
welded  joints  characterized  by  absence  of  pores 
and  cavities,  smooth  and  flat  surface  of  solidified 
metal  in  a  weldpool,  the  same  dimensions  along 
the  whole  weld  perimeter  were  obtained  at  the 
following  conditions:  impulse  radiation  energy  -  2- 
4  J,  impulses  time  -  4  milliseconds,  frequency  of 
impulses  repetition  -  5  Hz,  diameter  of  laser  spot  - 
0.7-1. 1  mm,  speed  of  laser  spot  motion  -  30- 
50  mm/'min. 

Treatment  of  titanium  in  technological  processes, 
characterized  by  thermal  effect  is  carried  out  in 
vacuum  or  inert  protective  gas  environment  [5], 
But  our  experiments  have  showed  that  you  can 
achieve  appropriate  quality  of  a  titanium  weld  in 
the  air  when  using  impulse  laser  radiation. 


In  Figure  1  you  can  see  a  photo  of  such  a  welding 
joint  of  porous  and  compact  titanium  after  etching. 


Figure  1.  Cross-section  metallographic  specimen  of  a 
welded  joint  of  compact  and  porous  titanium  after 
etching.  x50 


In  Fig.  1  you  can  determine  that  at  optimal  treat¬ 
ment  modes  the  weld  is  dense  and  smooth.  Its 
width  is  1. 5-1.7  mm  and  depth  1. 1-1.3  mm.  The 
weld  is  recessed  below  the  welded  parts  surface  at 
the  depth  of  about  200  pm,  which  is  connected 
with  titanium  melting  and  the  melt  infiltration  into 
pores.  Preliminary  mechanical  treatment  of  porous 
titanium,  due  to  its  high  viscosity  and  plasticity, 
leads  to  compaction  of  the  materials  in  the  zone  of 
cutting  and  «smoothing  out»  of  pores.  As  an  effect 
of  that  reduction  of  the  material  shrinkage  degree 
during  welding  and  limitation  of  the  melt  infiltra¬ 
tion  into  pores  takes  place,  which  reduces  possibil¬ 
ity  of  formation  of  the  mentioned  defect. 

The  weld  metal  heats  to  the  temperature  higher 
than  the  melting  point  and  after  cooling  has  plate 
structure  of  fast-cooled  casted  metal  of  martensite 
type  [6].  As  for  near- weld  zone,  it  is  typical  to  ob¬ 
serve  partial  melting  of  grains  boundaries.  Average 
width  of  this  zone  is  90-105  pm.  Zone  of  thermal 
influence  includes  a  zone  of  phase  refining,  where 
the  metal  got  a  meta-stable  a ’-transformed  struc¬ 
ture,  and  a  transformation  zone  from  a’- 
tran sformed  structure  to  the  basic  metal  structure. 
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Multi-zone  type  of  the  weld  structure  was  proved 
by  results  of  hardness  measuring. 

During  tensile  testing  of  all  the  samples  under  in¬ 
vestigation  we  have  observed  breaking  not  in  the 
place  of  a  weld  but  along  the  body  of  porous  ele¬ 
ments.  Equivalent  tensile  strength  was  50-70  MPa, 
and  strength  of  the  weld  was,  accordingly,  higher 
than  this  number. 

Wc  have  also  carried  out  investigations  of  the  pro¬ 
cess  of  a  permanent  joint  from  compact  and  porous 
titanium  production  by  expansion  [7],  This  method 
enables  to  join  easily  parts  having  different  plastic 
properties.  Due  to  the  fact  that  compact  titanium 
has  higher  hardness  and  stiffness,  a  porous  part 
should  be  deformed.  According  to  this  hypothesis 
the  porous  part  is  the  one  under  straddling,  so  the 
other  one  should  have  a  cut  pit,  with  a  closed 
groove  inside  along  its  perimeter.  This  groove 
should  be  «filled  in»  with  the  material  of  the  po¬ 
rous  part  due  to  local  plastic  deformation. 


There  was  carried  out  a  number  of  experiments  on 
models,  which  scheme  is  presented  in  Figure  2. 


Figure  2.  Scheme  of  expansion  of  a  model  porous  sam¬ 
ple  into  a  compact  mandrel. 


For  our  experiments  we  were  using  porous  discs 
from  titanium  powder  with  height  4  mm  and  di¬ 
ameter  30_o.i  mm  calibrated  along  their  diameter. 
We  were  cutting  standard  cartridges  with  central 
hole  20  mm  in  diameter,  pits  30JO'to  mm  in  diame¬ 
ter  of  different  depth  with  square  grooves  along 
their  sides.  The  outer  diameter  of  the  groove  was 
the  same  for  all  the  cartridges  (34  mm).  Only  2  pa¬ 


rameters  were  under  variation  -  depth  of  the  pit  and 
height  of  the  groove.  With  the  help  of  special  ring 
punches,  mounted  directly  along  the  axes  of  the 
carti  idges  and  porous  discs,  we  have  carried  out 
local  inserting  of  the  discs  to  the  level  of  the  car¬ 
tridge  surfaces.  As  for  the  punches  we  were  vary¬ 
ing  width  of  deformed  ring  surface  and  degree  of 
deformation.  Height  of  the  groove  was  12,  24  and 
36%  of  the  disc  height. 

After  shrinkage  and  compacting  the  porous  discs 
into  the  cartridge  we  were  measuring  force  of 
ejecting  a  disc  out  of  the  cartridge. 

The  results  of  the  investigations  carried  out  have 
showed  that  optimal  ejecting  force  (higher  than 
700-750  N)  is  achieved  at  the  following  parame¬ 
ters:  relative  deformation  degree  -  2-3  mm;  relative 
groove  height  -  35-3S%. 

The  achieved  results  can  be  used  for  optimizing 
processes  of  joining  porous  and  compact  materials. 
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COMPOSITE  METAL-POLYMER  POROUS  MATERIALS  FOR  GASES 
DEHUMIDIFICATION  AND  FUEL  DEWATERING 

Tlvusehenko  A.Ph.,  Pilinevich  L.P.,  Tumilovich  M.V.,  Savich  V.V.,  Kravtsov  A.G.(1),  Ryab- 

chenko  I.A.(1) 

Powder  Metallurgy  Research  Institute  of  the  NAS  of  Belarus  (Minsk,  Belarus) 

(1 ’Mechanics  of  Metal-Polymer  Systems  Research  Institute  of  the  NAS  of  Belarus  (Gomel,  Belarus) 


Complex  cleaning  and  dewatering  of 
gases,  fuel  and  lubricants  from  mechanical  impuri¬ 
ties  is  a  promising  application  for  porous  perme¬ 
able  materials  (PPM)  which  are  determined  by 
their  structural  and  capillary  properties  [1]. 

Effectiveness  of  removing  mechanical  im¬ 
purities  by  porous  materials  is  determined  by  shape 
and  sizes  of  pores  and  material  thickness.  Moisture 
separation  depends,  first  of  all,  on  capillary  prop¬ 
erties  of  pores  surface.  Adhesion  interaction  takes 
place  during  the  contact  between  water  and  hard 
surface,  which  influences  effectiveness  of  moisture 
separation. 

Characteristics  of  adhesion  between  a 
compact  hard  body  and  a  liquid  are  not  the  same  as 
compared  to  adhesion  between  a  porous  body  and 
a  liquid.  On  porous  surface  edge  angle  0  is  not 
true,  but  is  a  seeming  edge  angle.  Porosity  if  a  hard 
surface  increases  a  seeming  edge  angle,  if  the  true 
one  is  less  than  90°.  Higher  porosity  of  a  hard  sur¬ 
face  may  lead  to  significant  reduction  of  wetting 
even  in  a  case  of  hydrophilic  surfaces.  That’s  why 
water-repellency  is  not  a  function  only  of  a  wetting 
angle  and  for  its  estimation  we  need  to  use  pa¬ 
rameters  of  porous  structures  correlating  to  water- 
repellency. 

A  porous  material  is  usually  considered  as 
a  system  of  open  cylinder  capillaries  with  an  aver¬ 
age  diameter  of  d.  Capillary  pressure  P=4o  cos9/d 
(a  -  surface  tension)  causes  suction  of  liquid  into  a 
capillary.  In  conditions  of  complete  wetting  0  =  0, 
cos  0  =  1,  and  P  is  maximal.  At  non-complete  wet¬ 
ting,  when  0  >  0°,  cos  9  <  1,  value  of  P  reduces.  At 
0  >  90°,  cos  0  changes  its  sign  and,  correspond¬ 
ingly,  capillary  pressure  changes  its  direction  as 
well  preventing  ingress  of  moisture  into  pores 
(anti-capillary  pressure).  Cosine  of  edge  wetting 
angle  for  porous  and  polymer  materials,  deter¬ 
mined  according  to  method  [2]  is  presented  in  Fig¬ 
ure  1. 

In  Fig.l  you  can  see  that  bronze  has  the 
least  value  of  cos  0  from  all  metals,  and  PTFE  - 
from  polymers.  The  following  investigations  [3] 
showed  that  the  least  moisture-absorption  capacity 
was  determined  for  PPM  from  bronze  and  PTFE 


powders,  and  the  highest  -  for  PPM  from  titanium 
and  copper  powders.  At  the  same  time  porous  tita¬ 
nium  holds  moisture  at  the  highest  temperature 
comparing  to  other  materials.  Investigations  of 
water  yielding  capacity  of  different  PPM  during 
their  drying  at  100  °C  showed  that  PPM  from  tita¬ 
nium  powder  have  high  moisture  capacity  and 
high  ability  to  hold  it  [3]. 


o. 


Figure  1 .  Cosine  of  edge  water  wetting  angle  for  dif¬ 
ferent  materials. 

Taking  all  the  mentioned  above  into  con¬ 
sideration  at  least  two  PPM  with  different  pa¬ 
rameters  of  porous  structure  and  physical  and 
physical-chemical  properties  are  necessary  for  ef¬ 
fective  separation  of  water  vapor  and  droplets  from 
fuel,  lubricants  and  compressed  gases. 

Thus,  for  cleaning  and  dewatering  fuel  a 
composite  metal-polymer  PPM  (MPPM)  was  de¬ 
veloped  consisting  of  two  layers.  Substrate  was 
made  of  sintered  bronze  powder  (thickness  3-4 
mm)  which  provides  mechanical  strength,  neces¬ 
sary  cleaning  fineness  and  permeability,  and  a  thin 
selective  hydrophobic  layer  is  precipitated  in  vac¬ 
uum  when  a  PTFE  block  is  exposed  to  focused 
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C02-laser  radiation  and  generation  at  certain 
modes  of  ultra-fine  fibre  [4],  Porosity  of  a  fibre 
PTFE  layer  can  reach  80-90%,  it  can  be  formed  on 
quite  complex-shaped  parts.  Technology  enables  to 
control  porosity  according  to  thickness.  A  MPPM 
like  that  enables  to  separate  water  from  fuel  and 
liquid  oil.  At  the  same  time  PTFE  serves  as  a  wa¬ 
ter-repellent,  which  is  practically  not  permeable  for 
water  and  other  polar  liquids.  General  look  and 
structure  of  a  filter  element  are  presented  in  Fig.  2. 


Figure  2.  Structure  of  porous  material  «PTFE  -  bronze» 
for  fuel  dewatering. 

A  test  sample  of  filter  element  from  this 
MPPM  was  tested  at  Minsk  Motor  Works  on 
summer  diesel  fuel  with  density  of  0.84  g/cm3  and 
viscosity  of  3.6  cSt  for  its  corresponding  to  stan¬ 
dard  requirements  for  filters  of  rough  and  fine 
cleaning.  Test  results  have  showed  that  cleaning 
completeness  for  mechanical  impurities  was  95-98 
%  and  can  be  increased  by  optimization  of  porous 
structure  of  metal  porous  layer,  and  completeness 
of  moisture  separation  from  diesel  fuel  was  100  % 
at  any  test  mode. 

To  dry  compressed  air  and  other  gases  we 
have  developed  two  types  of  double-layer  MPPM 
based  on  porous  titanium  -  with  a  selective  PTFE 
layer  produced  according  to  the  technology  men¬ 
tioned  before,  and  a  selective  layer  from  HPPE  fi¬ 
bre  deposited  according  to  «Melt-blowing»  method 
[5],  A  selective  layer  provides  cleaning  from  me¬ 
chanical  impurities  and  moisture  droplets.  A  layer 
from  porous  titanium  with  big  pores  has  high 
moisture  absorption  and  moisture  capacity  to  pro¬ 


vide  vapour  condensation  and  holding  of  formed 
droplets  in  pores.  Tests  have  showed  close  char¬ 
acter  of  both  types  of  MPPM,  and  lower  cost  of 
MPPM  with  a  selective  layer  from  HPPE.  In  Fig¬ 
ure  3  you  can  see  general  look  and  structure  of  a 
filter  from  the  last  material. 


Figure  3.  Structure  of  porous  «HPPE  -  titaniumv  mate¬ 
rial  for  drying  compressed  air. 

Dew  point  when  drying  air  with  MPPM 
with  a  selective  layer  form  HPPE  fibre  reduces  to 
-5  °C,  completeness  of  cleaning  from  droplets  and 
vapors  reaches  99.99  %. 

The  investigations  earned  out  have  showed 
that  MPPM  «PTFE  -  bronze»  is  the  most  effective 
for  water  separation  from  fuel  and  lubricants; 
«PTFE  -  titanium»  or  «HPPE  -:  titanium»  -  for 
drying  compressed  gases. 
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JIAEOPATOPHfl  MEXAHMHECKMX  MCriblTAHMM  1/lHCTHTyTa  npoOneM 
MaiepnanoBeAeHMH  mm.  M.H.  ct>pam_|eBMMa  HAH  YKpaMHbi  npoBOAMT  McnbiTaHMn 
KepaMMKM,  MeTannoB  m  Apyrnx  MaTepManoB  Ha  U3su6,  pacmsDKQHUG,  oxamuG, 

dnumenbHyto  npoHHoemb,  uHdeHmupoeaHue  b _ luhpokom _ MHTepBane 

TeMfiepaTyp  c  onpeAS-neHMeM  KOMnneKca  MexaHMnecKMx  cbomctb  (MOflynb 
ynpyrocTM,  npeA©^  TeKynecTM,  pa3pywaK)mee  Hanpn>KeHMe,  nnacTMHecKan 

AecfDOpMaMM^,  TpeiAMHOCTOMKOCTb,  TBepAOCTb  M  T-A-)  Ha  COGpGMGHHbIX 
KOMnbfomGpu3upoeaHHbix  ucnbimamGnbHbix  MaiuuHax,  b  tom  HMcne  ecTb 
B03M0>KH0CTb  Ha6nK)A6HMfi  SBomoqMM  CTpyKTypbi  MaTepMana  b  npoqecce 
HarpyweHnn  b  cioh upyto m gm  onexmpoHHOM  mukpockofig  T20. 

1/icriblTaHMfl  npOBOAHTCH  B  COOTBeTCTBMM  C  TOCTaMM,  Me>KAyHapOAHblMM 
CTaHAapTaMM  ISO,  CEN,  ASTM  mum  no  TexHMHecKMM  ycnoBMHM  3aKa3HMKa. 
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OnepaTMBHOCTb  npOBeASHMfl  MCnblTaHMM,  MX  BblCOIOfl  TOHHOCTb  — 
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Onnaia  no  AoroBopeHHOCTM. 

KoHTaRTbi: 

3aBeAyK)LAMM  naSopaTopMeM 
AOKT.  4)M3.-MaT.  HayK,  npocfreccop 

rioflpe30B  lOpiiM  HMKonaeBMM 

TnaBHbiM  MH>xeHep 

Bep6uno  flMMTpMM  rpwropbeBim 

Aflpec  b  MHTepHeTe: 

http://ru.ipms.kiev.ua/Departments/Dep-22/SECM/SECM_eng.htm 
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